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Abstract

Semantic memory impairments have been hypothesised to
underlie m a n y of the language difficulties reported in probable
Alzheimer's Disease, such as naming and verbal fluency.
Contention exists regarding whether observed difficulties
constitute a semantic storage impairment, or difficulty in the
access and processing of relatively intact semantic knowledge.
This study investigated the integrity of several types of semantic
associations, namely, category co-members, functional associates
and sensory associates in six single case studies of mild probable
Alzheimer's Disease.

A semantic priming pronunciation task,

designed to minimise subject-initiated strategies ( S O A of 350 m s
and relatedness proportion of .15), and a series of off-line
neuropsychological measures were used.

The results supported

the hypothesis of partial impairment in semantic m e m o r y in some,
but not all of the cases. Both hyperpriming and significant
underpriming were observed in four out of the six cases in
comparison to an age and education matched control group.
W h e r e semantic m e m o r y impairment was observed, dissociation
between types of semantic knowledge was found.

Relative

preservation of functional associate priming, accompanied by
impairment in both category co-member and sensory associate
priming was found in one probable Alzheimer's Disease subject
and a similar trend was noted in a further two cases. In
comparison, another subject displayed priming in the functional
associate condition which approached significance, while priming

V

in the sensory associate condition was preserved.

The results

suggested heterogeneity of impairment in the mild stage of
Alzheimer's Disease, and it was hypothesised that subgroups m a y
exist with respect to their pattern of impairment in semantic
memory.

It is suggested that models of semantic m e m o r y storage

must accommodate observations of dissociation between different
types of semantic knowledge.
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CHAPTER 1
SEMANTIC MEMORY IN ALZHEIMER'S DISEASE

1
1.1

The Neuropsychology of Alzheimer's Disease

Alzheimer's Disease (AD) is a progressive brain disorder of
insidious onset characterised by significant impairment in two or
more areas of cognitive functioning, the most c o m m o n of which is
m e m o r y (Almkvist & Backman, 1993; M c K h a n n , Drachman, Folstein,
Katzman, Price, & Stadlan, 1984; Zee, 1993).

People with A D also

show progressive decline in language, motor skills, attention,
problem solving, social functioning and perception (McKhann et al.,
1984; Nebes, 1992), and toward final stages of the disease show
impairment in more basic bodily functions, such as continence (Zee,
1993).

A D is the cause of up to 8 0 % of the dementias in the older

population, and is estimated to affect approximately 1 0 % of the
population over the age of 65 years (Evans, Funkensten, Albert,
Scherr, Cook, C h o w n et al., 1989).

Definitive diagnosis of AD can only be made at postmortem, with
neuropathological studies examining neurolitic plaques and tangles
characteristic of the disease process (McKhann et al., 1984).

In the

early stage of the disease, diagnosis must be tentative, is made
according to the presenting neuropsychological picture and results
from a process of eliminating other possible explanations for the
dementia observed (e.g., depression, metabolic disease, alcoholism
and other neurological conditions).

The diagnosis is then termed

"probable" Alzheimer's disease (McKhann et al., 1984).

(For the

purpose of the current thesis, the abbreviation " A D " will be used to
denote probable Alzheimer's disease.)
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Accordingly, the early presenting clinical picture in A D has received
m u c h interest from both researchers and clinicians (e.g., Martin,
1987; Zee, 1993), particularly in terms of clarifying early diagnostic
signs of the disorder, and in understanding the disease process.
Studies indicate that m e m o r y deficits are apparent early in A D
(McKhann et al, 1984; Ober, Koss, Friedland & Delis, 1985), as are
specific language difficulties such as verbal fluency and the naming
of objects (Martin & Fedio, 1983; Rosen, 1980), as well as
visuospatial deficits (Martin, 1987).

However, no clear conceptual

model of the neuropsychological presentation in A D
exists.

currently

Patients m a y vary according to their presentation and m a y

exhibit several cognitive disorders in the early stage (Zee, 1993).
Particular clinical signs m a y also overlap with those seen in other
disorders of neurological functioning, and hence be of limited use in
specifying the definitive characteristics of A D .

Several studies have led to suggestions that semantic memory, a
component of long-term memory, m a y be impaired in early A D ,
although it is relatively unimpaired in other neurological disorders,
such as Huntington's disease or Korsakoff's syndrome (Butters,
Granholm, Salmon, Grant & Wolfe, 1987; Martin, Brouwers, Cox, &
Fedio, 1985; Shimamura, Salmon, Squire & Butters, 1989).

This

suggests that semantic m e m o r y m a y provide an indicator for
differential diagnosis in the early stages of A D .

Within the theoretical framework of Tulving (1987), long-term
m e m o r y is divided into semantic m e m o r y and episodic memory. 1
Other theories do not divide long term memory into these components (e.g., Roediger, 1990).
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Semantic memory is said to be an organised body of knowledge
involving words, concepts, their meanings and associations, and the
rules for manipulating these symbols and concepts (Tulving, 1987).
It is thought to be the mechanism by which w e attribute meanings
to the words w e read, recognise objects, retrieve their labels, and
convert knowledge of concepts into spoken words.

Episodic

memory, on the other hand, is thought to be an autobiographical
record of events, so that knowledge in this store is associated with
the time and place of acquisition.

Impairment of episodic memory

is a feature of many neurological disorders, including A D , and is
also seen in normal aging, whereas impairments in semantic
memory are not c o m m o n in many neurological disorders
(Weingarten, Kawas, Rawlings & Shapiro, 1993).

Tulving (1993) claimed that semantic memory is the more
fundamental long-term memory system.

It is said to be largely

developed prior to episodic memory, and can operate
independently of episodic memory.

Conversely, episodic memory

appears to be partly dependent upon the functioning of semantic
memory, as the functioning of episodic memory has been reported
to be compromised in cases with impairment to semantic memory
(Patterson & Hodges, 1994).

Accordingly, dissolution in the

organisation of semantic memory has also been hypothesised to be
a major source of the memory and language impairments observed
in patients with A D (Bayles & Tomoeda, 1983; Glosser & Friedman,
1991).

Thus it is hoped that better knowledge of the semantic

m e m o r y impairment in A D m a y provide a greater understanding of
the cognitive deficits associated with the disorder.
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Identification of the specific and unique characteristics of the
cognitive impairments found in A D is of great practical, as well as
theoretical interest.

Elucidation of the pattern of deficits associated

with the disorder m a y serve as guidance for the design of accurate
diagnostic criteria, while the study of populations characterised by
semantic m e m o r y deficits m a y promote a more comprehensive
understanding of semantic m e m o r y processes in normal
individuals.

1.2 Semantic Memory in Alzheimer's Disease

Many studies have employed tasks of semantic memory in
attempts to investigate the nature of the m e m o r y and language
deficits seen in A D , and the evidence that semantic memory
functioning is impaired in this population is considerable (e.g.,
Bayles & Tomoeda, 1983; Hodges, Salmon, & Butters, 1990; Huff,
Corkin, & Growdon, 1986; Martin & Fedio, 1983; Ober & Shenaut,
1995b).

For example, patients with A D have difficulty naming

objects and pictures (Bayles & Tomoeda, 1983; Huff et al., 1986;
Hodges, Salmon & Butters, 1990, 1991, 1992; Martin & Fedio,
1983), listing attributes that are associated with objects (Martin

&

Fedio, 1983; Warrington, 1975), and eliciting words that belong to
specified semantic categories (Bayles, 1982; Bayles &

Tomoeda,

1983; Binetti, Magni, Cappa, Padovani, Bianchetti & Trabucchi,
1995; Martin & Fedio, 1983; Ober, Dronkers, Koss, Delis, &
Friedland, 1986; Rosen, 1980; Troster, Salmon, McCullough
Butters, 1989; Warrington, 1975).

&

It has also been reported that
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patients with A D fail to comprehend the names of objects that they
cannot label verbally (Chertkow, Bub, & Seidenberg, 1989; Huff et
al., 1986), and make semantic, rather than syntactic or
phonological, errors in spontaneous speech and in various naming
tests (Gerwirth, Shindler & Heir, 1984; Glosser & Deser, 1991;
Martin & Fedio, 1983; Nicholas, Obler, Albert, & Helm-Estabrooks,
1985).

Some studies have further reported that semantic memory
impairment m a y occur in very early stages of A D (Troster et al.,
1989).

For example, in a longitudinal study of the elderly,

Weingarten et al. (1993) found that differences in semantic
memory functioning were obtained an average of 2.3 years prior to
the assessment which identified patients as A D .

The authors

suggested that changes in semantic memory m a y be apparent in A D
before the presentation of other clinically relevant symptoms used
to establish the diagnosis of the disease, and argued that semantic
memory measures m a y be useful in early diagnosis of A D .

However, the nature of the semantic memory impairment in AD has
remained unclear.

Particular dispute centres on whether

difficulties indicate an impairment of the semantic store itself, or
whether the difficulties exist in the accessing of semantic
knowledge from a relatively intact store.

Several authors have

proposed that the impairments in functioning indicate a decay of
the information store itself (Bayles & Kaszniak, 1987; Butters,
Salmon, & Heindel, 1990; Chertkow & Bub, 1990a; Hodges et al.,
1991; Hodges, Salmon et al., 1992; Huff et al., 1986; Martin & Fedio,

6
1983; Schwartz, Marin, & Saffran, 1979; Warrington, 1975).

Others

have argued that the semantic m e m o r y store m a y be intact,
however, deficits m a y be present in the processing and accessing of
that knowledge store (Grober, Buscke, Kawas, & Fuld, 1985; Nebes,
1989; Nebes, Boiler, & Holland, 1986).

A s a result of this dispute, a

clear conceptual model of the semantic m e m o r y
observed in A D

impairment

is currently unavailable.

In support of a hypothesis of breakdown in semantic storage,
several studies have cited the characteristic of impaired knowledge
of the attributes of concepts, in the presence of relatively spared
knowledge of category membership in A D patients (Chertkow et al.,
1989; Martin & Fedio, 1983; Schwartz et al., 1979).

It has been

found, for example, that A D patients can sort pictures of objects by
category and can answer questions about superordinate category
(e.g., is it alive?) or specific category (e.g., is it furniture?), but not
about objects' physical features or functions (e.g., does it have fur?)
(Martin & Fedio, 1983).

Based upon models of semantic m e m o r y

which suggest that information is stored in a hierarchical fashion,
with category membership knowledge at higher levels, and specific
attributes at lower levels of the hierarchy, and information being
accessed from "top-down" (Collins & Quillian, 1969) (see Chapter 2),
such findings have been taken to propose a "bottom-up"
breakdown of semantic m e m o r y in A D , in which lower level
attribute knowledge is more susceptible to damage than higher
levels of the hierarchy (Shallice, 1988a).

A deterioration of this

nature in semantic m e m o r y is said to effectively strip concepts of
most of their meaning, making it difficult for A D patients to name
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objects and understand language (Huff et al., 1986).

Such a

"bottom-up" breakdown is also consistent with the pattern of
deficits reported in cases of semantic dementia, a specific disorder
of semantic m e m o r y in which other cognitive functions remain
intact (Hodges, 1994; Patterson & Hodges, 1994; Warrington, 1975
[initially described as cases of A D - see Hodges, 1994]).

The

similarity in the reported patterns of breakdown between cases of
semantic dementia and A D appears to provide indirect support for
the hypothesis of semantic m e m o r y breakdown in A D .

However, the alternative hypothesis, that is, difficulty accessing
and processing semantic memory, has arisen in response to several
studies which have reported that A D patients perform at a similar
level to control groups on particular tasks of semantic memory and
can demonstrate knowledge of objects (Bayles, Tomoeda & Trosset,
1990; Nebes, 1989).

It has been reported that A D patients can

demonstrate adequate understanding of objects even though they
are unable to name or describe those objects. For example, A D
patients have been found to correctly choose from an array of
objects those with particular functions (e.g., which would you use
for cooking?) (Flicker, Ferris, Crook & Bartus, 1987).

Similarly,

upon investigating the language impairment in one A D patient over
time, Schwartz et al. (1979) reported that although the patient's
performance was characterised by a severe object naming deficit,
she could demonstrate recognition of the object by using gestures.
The authors concluded that the patient had perceived the
differences between objects, however was unable to use those
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differences conceptually in order to classify and n a m e those
objects.

Grober et al. (1985) also argued that knowledge of attributes of
concepts was intact, but they considered that the assigning of the
relative importance of attributes was altered in A D .

They reported

that A D patients were able to correctly sort features into
superordinate categories, although were impaired w h e n asked to
rank-order features of a concept according to which is most
important to the concept.

They suggested that A D patients retained

their knowledge of specific concept attributes, but had assigned
equal weights to all attributes of a concept, and so had difficulty
choosing between attributes.

The suggestion of impairment in the ability to access and process
semantic m e m o r y also follows from studies of verbal fluency in A D .
AD

subjects report fewer items per category than controls on

category-fluency tasks (Ober et al., 1986), suggesting impairment
w h e n required to search a given semantic category.

For example,

results from a supermarket-item fluency task indicated that A D
patients tend to produce only a few, or even a single item from
each sub-category, and tend to give category labels (e.g.,
vegetables) rather than item names (Martin & Fedio, 1983; Ober et
al., 1986).

These results have been taken to propose that A D

subjects appear to search m e m o r y in a disorganised fashion w h e n
required to elicit object names.
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In a specific test of the competing hypotheses regarding semantic
m e m o r y in A D , Nebes and Brady (1988) measured patients'
reaction times w h e n asked to identify whether words were
associated with a target object.

The authors used four types of

semantic association; the object's superordinate category, a verb
describing an action or functional characteristic of the object, a
distinctive physical feature, and another object from the same
semantic category as the target object.

The hierarchical model of

semantic m e m o r y breakdown would predict that reaction times in
response to an object's physical features or functions would be
slower than to their superordinate category (Collins & Quillian,
1969).

However, the authors reported that although the A D

patients were slower overall than normal elderly, there were no
significant reaction time differences between the types of
associates tested.

Nebes et al. (1986) further reported that A D

patients did not significantly differ in reaction time from normal
control subjects w h e n asked to decide whether a proposed "lowerlevel" item or a proposed "higher-level" item belonged to a
particular category.

These findings did not support the proposal of

breakdown of knowledge at the level of attributes of concepts in
A D patients, at least as measured by the time taken to process such
information (Nebes & Brady, 1988).

In another evaluation of the "bottom-up" breakdown hypothesis,
Cox, Bayles and Trosset (1996) used a series of cognitive tests
which assessed the use of attribute knowledge versus the use of
categorical knowledge and reported findings that neither provided
support for, nor refuted the breakdown hypothesis.

Their results
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indicated that the use of attribute knowledge was impaired in A D
as measured by one task (describing differences between two
members of a particular category), although was reported to be
intact w h e n measured by a second task (providing definitions for
objects).

The authors questioned the cognitive demands placed

upon subjects in performing particular tests and suggested that
performance m a y have varied according to the level of cognitive
demand, rather than as a result of specific semantic m e m o r y
impairment.

1.3 Effects of Task Requirements

Nebes (1989) and others (Bayles, Tomoeda, Kaszniak & Trosset,
1991; C o x et al., 1996) have suggested that studies of semantic
m e m o r y in A D

display task-dependent variability in their results.

Specifically, patients with A D appear to vary in their performance
depending on the stimuli used and the task demands and it is
suggested that this m a y account for mixed results in A D research.
Nebes (1989, 1992) proposed that the differentiating variable in
A D research is the degree to which a task loads on a lexical search
process, a conscious, attention-dependent process of deriving
responses to tasks. It was suggested that if A D subjects are not
placed under such task demands, they m a y perform semantic
m e m o r y tasks at a level comparable to normal elderly.

AD

patients, for example, performed normally in a sentence completion
task w h e n lexical search was highly constrained and guided by
sentence context (Nebes et al., 1986), demonstrating that the
degree of guidance given on a sentence completion task had an
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effect on A D subjects' ability to complete the sentence with the
appropriate word.

Similarly, Huff et al., (1986) suggested that A D

patients do more poorly on a verbal fluency task than on an objectnaming task because the fluency task provides less support for the
lexical search process.

As a result of the multidimensional nature of cognitive decline in
A D (Zee, 1993), the potential of confounding factors on any task
performance is high.

In particular, evidence of a dysexecutive

syndrome in A D , characterised by a failure of rapid information
processing and search of both episodic and semantic m e m o r y
(Baddeley, Delia Sala & Spinnler, 1991; Becker, Bajulaiye, & Smith,
1992) is of relevance in influencing performance on most cognitive
measurement tasks.

Given that older persons in general display

more difficulty w h e n required to self-initiate cognitive strategies
and processes than w h e n these processes are determined by the
task environment (Craik, 1984), the investigation of task
requirements is of importance.

Batteries of effortful, attention-demanding tasks in AD may not be
appropriate as measures of semantic memory, as A D patients
appear to have difficulty with the cognitive processing stages
(other than semantic m e m o r y ) which are required to perform the
task (Bayles et al., 1991; Ober & Shenaut, 1995b).

In part, the

difficulty in constructing a model for the understanding of the
semantic m e m o r y deficit in A D may, therefore, stem from the
nature of m a n y of the instruments used within A D research.
Performance on most of the commonly used semantic m e m o r y

3 0009 03208148 6
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tasks m a y be the result of factors other than those directly
involved in m e m o r y storage, including attentional resources,
working m e m o r y abilities, and capability in using various search
and retrieval strategies (Ober & Shenaut, 1995b; Carlesimo & OscarBerman,

1992).

One approach which attempts to ameliorate possible task demands
on measures of semantic m e m o r y functioning is the use of
"implicit" rather than "explicit" measures (Hodges & Patterson,
1995; Ober & Shenaut, 1995b; Squire, 1987).

Explicit measures of

semantic m e m o r y (often referred to as "off-line") share the
characteristic of requiring controlled, deliberate access to semantic
information rather than automatic access (Blumstein, Milberg,
Shrier, 1982; Chenery, Ingram, & Murdoch, 1990).

These include

measures such as verbal fluency, object naming and object
recognition.

Implicit measures (often referred to as "on-line")

assess the influence exerted by past experiences on performance,
with less demand on the conscious recollection of material (Neely,
1991).

O n e example of an implicit task is referred to as semantic

priming.

1.4 Semantic Priming

A paradigm proposed to be a measure of the status of the semantic
store, which minimises the involvement of other cognitive
processes, is that of semantic priming (Neely, 1977, 1991).

In

semantic priming, subjects are asked to respond to (identify or
name) a target following prior exposure to either a semantically
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related item (e.g., king-queen), an unrelated item (e.g., car-queen),
or a neutral item (e.g., XXXX-queen).

A priming effect is said to

occur if the response to the target is facilitated (i.e., is faster or
more accurate) on trials where there has been prior exposure to a
semantically related item, compared to trials in which an unrelated
or a neutral prime has been presented (Meyer &
1971).

Sch vane veldt,

The priming effect has been reported to occur when items

are presented simultaneously, or w h e n the first item (prime)
precedes the second item (target).

It is thought to occur if two

words are semantically related even if they are not highly
associated in language (i.e., do not often occur together in normal
language, e.g., bread-wheat) (Fischler, 1977; Fischler &
1977; Ostrin & Tyler, 1993).

Bloom,

The priming effect has been noted

across tasks such as naming, semantic categorisation and object
recognition.

Several accounts have been forwarded to explain the semantic
priming effect.

The most dominant explanation, and that which has

received empirical support (Klinger & Greenwald, 1995), is the
Spreading Activation model of Collins and Loftus (1975) (see
Chapter 2). Within this model of semantic memory, individual
items or concepts are represented by nodes, and these are
interconnected with other nodes that represent related items or
concepts to that item, based upon either semantic-conceptual
relationships (McNamara, 1992) or lexical level linkages between
words themsefves (Ellis & Young, 1988; Inoue, 1993).

Retrieval of

an item from m e m o r y consists of activation of its representation in
this network.

Once a node is activated, activation is said to spread
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automatically throughout the interconnected network of
associations, and residual activation accumulating at these
associated nodes (thereby increasing their resting potential) will
facilitate their subsequent retrieval (i.e., increase their
accessibility).

Facilitation in a semantic priming task is thought to

be due to the spread of activation from the related prime to the
target item, briefly increasing the target's accessibility.

Within the Spreading Activation model, it is predicted that a
breakdown of semantic knowledge or associations would disrupt
the spread of activation within the semantic network, that is,
activation of a prime is unlikely to lead to a higher resting potential
of a related target item if the network is disrupted.

In such a case

there would be no benefit of presentation of a related prime prior
to the presentation of a target, as the underlying representations of
prime or target, and/or the link between the two, are disrupted.

Although other accounts have been forwarded to explain priming
effects, such as preservation of activation of overlapping
microfeatures in a distributed m e m o r y system (Masson, 1991,
1995), and the use of the prime and target to form a compound cue
to search semantic m e m o r y ( M c K o o n & Ratcliff, 1992), these will
not be addressed in the current thesis. O f value, however, is the
fact that within each explanation, as with the Spreading Activation
model, priming is based primarily on automatic, non-conscious
processes, with relatively small influence from non-automatic
(conscious) components (for a review see Neely, 1991).
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1-4-1

Semantic Priming in Alzheimer's Disease

The semantic priming paradigm is of particular relevance to a
population such as A D patients.

The paradigm can be employed to

minimise cognitive demands such as attention and decision making
(Neely, 1991; Ober & Shenaut, 1995b).

Given its relative freedom

from confounding cognitive processes, it is considered an important
test of the integrity of semantic m e m o r y in this population.

If

semantic knowledge or associations are disrupted in A D then,
unlike normal elderly, A D patients would not be expected to show
normal semantic priming.

If, on the other hand, A D is characterised

by impaired access and lexical search processes, then a relatively
automatic task such as semantic priming should be performed at a
level comparable to normal elderly.

Several studies have reported semantic priming effects in AD that
are either significantly increased, or significantly less than controls,
and these results have been interpreted as indicating impaired
semantic priming.

For example, using a lexical decision task, where

subjects were asked to decide whether a presented letter string
was a real English word or a non-word, Chertkow et al. (1989)
reported significantly increased priming in A D compared to age
matched control subjects.

That is, A D subjects were faster in

deciding that a letter string was a real word when preceded by a
semantically related prime than w h e n preceded by an unrelated
prime, as might be expected if semantic m e m o r y was intact,
although the degree of facilitation produced by the related primes
for A D

subjects was significantly greater than the facilitation
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observed in controls.

Chertkow et al. (1989) proposed that the

increased priming indicated that items were degraded, and
therefore had "more to gain" from spreading activation in the
semantic network than did representations of relatively intact
items.

The authors took these results to reflect a breakdown of

semantic m e m o r y in A D .

A one-to-one correspondence was also

found between those items which showed degradation on explicit
semantic m e m o r y tasks, such as naming, and those which showed
increased priming effects, a finding which the authors used to
support their proposal of breakdown in semantic memory.

Significantly larger priming effects in AD than in normal elderly
have also been reported by other researchers (Balota & Duchek,
1991; Chertkow et al., 1989; Chertkow, Bub, Bergman, Bruemmer,
Merling & Rothfleisch, 1994; Hartman, 1991; Margolin, 1988), and
the effect has been named "hyperpriming".

Findings of

significantly reduced priming in A D (Ober & Shenaut, 1988) have
also been taken as evidence for abnormal semantic priming, that is,
abnormal spread of activation in the semantic network in A D .

However, semantic priming studies in AD remain mixed in their
results (for reviews see Chenery, 1996; Ober & Shenaut, 1995a).
Ober, Shenaut, Jagust and Stillman (1991) reported no significant
difference between A D patients and controls in a series of priming
experiments, svhile Nebes (1989) and others have concluded that
automatic semantic priming is normal in A D , based on studies
showing greater than normal (Nebes, Brady & Huff, 1989) or equal
to normal (Nebes, Martin & Horn, 1984) priming in A D .

One study
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has, in fact, found both increased priming and significantly reduced
priming within the one group of A D patients. Albert and Milberg
(1989) reported that in a group of ten A D patients, six showed an
advantage of related primes over unrelated primes, while four
were actually faster in the unrelated prime condition, indicating
heterogeneous performance within the population of A D patients.
A s a result of such mixed findings, semantic priming experiments
have not established clear support for either a hypothesis of
semantic breakdown or of impairment in the accessing or
processing of a relatively intact semantic memory.

Several explanations for variation of interpretations of semantic
priming studies m a y apply.

Firstly, heterogeneity of the A D

population has been noted in their performance on several
cognitive tasks (e.g., Albert & Milberg, 1989; Becker, 1994; Martin,
1987), and it has been proposed that distinguishable subgroups of
patients m a y exist, and should be considered in research,
particularly in early stages of the disease (Martin, 1987; Zee, 1993).
Unfortunately, heterogeneity in the A D population has not
adequately been taken into account in previous semantic priming
research.

Secondly, although it has been assumed that the process

of semantic priming is automatic, and hence a direct measure of the
semantic store, recent models suggest that the semantic priming
task itself m a y have several components, some of which are not
automatic, but require subject-initiated strategies (Neely, 1991).
Other possible reasons for mixed results in priming research,
namely, the internal structure of semantic m e m o r y itself and the
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cognitive processing pathways in operation throughout a semantic
priming task, will be discussed in Chapter 2.

1.4.2 The Hybrid Model of Semantic Priming

Neely & Keefe (1989; Neely, 1991) propose a hybrid model of
semantic priming which states that priming effects are the result of
spreading activation (Collins & Loftus, 1975), as well as two
possible subject-initiated strategies, which they n a m e
generation and post-lexical semantic matching.

expectancy

Expectancy

generation involves the generation of a set of potential words or
responses, initiated by the presentation of the prime.

This

expectancy set consists of potential targets related to the prime
word, and it is more likely to be generated when there is sufficient
time to create an expectancy set before the presentation of the
target.

Expectancy generation is under strategic control, and can

occur in both lexical decision tasks and pronunciation (naming)
tasks.

Post-lexical semantic matching, on the other hand, is a process that
occurs after access to semantic memory, and is hypothesised to
influence reaction time in lexical decision tasks, but not
pronunciation tasks.

W h e n required to decide the "word" or "non-

word" status of an item, a subject can be aided by referring back to
the prime, and if semantically related to the target word, the
"word" response is clearly correct.
response

times.

This serves to facilitate "word"
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Although automatic semantic priming is thought to derive from
semantic-lexical processes, subject-initiated priming strategies are
affected strongly by attention, strategy, and other non-semantic,
non-lexical processes (McNamara, 1992; Neely, 1991).

McNamara

(1992) suggests that of the various experimental parameters that
have been shown to affect the outcome of semantic priming
experiments, perhaps the most critical of these is based on the
automatic versus subject-initiated process distinction.

Priming studies in AD have generally assumed the theoretical
notion of spreading activation w h e n interpreting results (e.g.,
Chertkow et al., 1989).

Neely and Keefe's (1989; Neely, 1991)

hypothesised expectancy generation and post-lexical semantic
matching components of semantic priming provide additional
understanding of the mechanisms of priming, and suggest processes
which require consideration in priming research.

1.4.3 Automatic vs. Subject-Initiated Strategies in Semantic
Priming

It has been reported that a number of experimental factors prompt
subjects to engage in more subject-initiated processes during the
priming task.

Firstly, in both lexical decision tasks and

pronunciation tasks, an increased length of time between the onset
of the prime and the onset of the target (stimulus onset asyncrony)
has been reported to contribute to a relative increase in subjectinitiated strategies.

A stimulus onset asyncrony ( S O A ) of greater

than 4 0 0 m s appears to provide sufficient time for subjects to
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engage in the generation of an expectancy set and in post-lexical
semantic matching (de Groot, 1984; den Heyer, Briand
Dannenbrin, 1983; Neely, 1977).

&

Secondly, presentation of stimuli

in which the pairing of prime and target is m a d e explicit to the
subject (e.g., subject told that "pairs of words" will appear; referred
to as "pairwise priming"), compared to continuous presentation of
stimuli, where the prime-target pairing is not evident to the
subject, has been shown to increase the likelihood of a subject
engaging in subject-initiated strategies.

Thirdly, in the case of

pairwise priming, a high proportion of related prime-target pairs
(greater than .21) has been shown to increase the likelihood of the
use of subject-initiated strategies (Neely, 1977).

Lexical decision tasks have been found to promote greater use of
subject-initiated strategies than pronunciation tasks, as the former,
but not the latter, are subject to both expectancy generation and
post-lexical matching (Neely, 1991).

Several experimental design

parameters specific to the lexical decision semantic priming
paradigm also contribute to increased use of subject-initiated
strategies.

The likelihood of expectancy generation and post-lexical

matching taking place is increased if a high ratio of "word" to "nonword" stimuli is present, and if subjects are required to provide a
two-choice response to the target (that is, respond to both "yes" and
"no" trials) in comparison to a one-choice lexical decision (that is,
subjects are required only to respond to real-word trials, thereby
being asked to respond only if the correct solution is a "yes").
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The design parameters which influence the degree of subjectinitiated strategies in priming tasks are of particular importance in
A D research.

A n y design which promotes the use of subject-

initiated strategies is likely to disadvantage A D subjects, w h o are
often impaired in other, non-semantic cognitive processes such as
decision making, attention, and lexical search (Baddeley et al., 1991;
Nebes, 1989; Zee, 1993).

Such non-semantic processes come into

play w h e n subject-initiated strategies are employed in priming
tasks.

In viewing the design parameters of studies which have reported
significantly greater priming effects (hyperpriming) in A D than
control subjects, it is likely that these results have been influenced
by a significant proportion of subject-initiated strategies.

For

example, one study used both pairwise lexical decision and
pronunciation paradigms with S O A s of 750ms (Nebes et al., 1989),
while other studies used pairwise lexical decision with a 600ms
S O A (Margolin, 1988), pairwise pronunciation paradigm with long,
uncontrolled S O A s (Hartman, 1991), and pairwise lexical decision
with long uncontrolled S O A s (Chertkow et al., 1989).

Studies which

have reported significantly less priming in A D than control subjects
have used continuous priming paradigms (the subject responds to
both prime and target), so that S O A was of necessity fairly long, for
example, approximately 1500 m s (Albert & Milberg, 1989) and
2000 m s (Ober & Shenaut, 1988).

Hence, these studies had

experimental parameters which met criteria for a significant
proportion of subject-initiated strategies in the performance of the
priming task (Neely, 1991).
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Alternatively, Ober et al. (1991) performed a series of priming
experiments (both lexical decision and pronunciation tasks), using
pairwise priming with short S O A (250ms) and a low relatedness
proportion (.17).

The combination of short S O A and low relatedness

proportion allowed the authors to evaluate semantic priming at the
automatic end of the automatic versus subject-initiated priming
continuum.

The A D

subjects showed priming effects that were

significantly different from zero and not significantly different
from age matched controls on all tasks, leading the authors to
suggest that w h e n automatic spreading activation is maximised,
semantic priming in A D is preserved.

In fact, in a meta-analysis of semantic priming research in AD, Ober
and Shenaut (1995a) suggested that of the semantic priming
experiments that had reported hyperpriming (n=9) in A D , all had
met the design criteria for subject-initiated, attentionally based
priming.

Ober and Shenaut (1990) argued that because of reduced

attentional capacity, A D

patients are especially dependent on

context in situations involving effortful processing, so that
hyperpriming m a y reflect a greater reliance on environmental
support in situations where processing is very difficult for these
patients.

In contrast, Ober & Shenaut (1995a) suggested that 11 of

the 12 experiments which had reported equal to normal semantic
priming in A D met none of the criteria for subject-initiated
processes, suggesting that the priming task in these experiments
was primarily influenced by automatic spreading of activation in
semantic m e m o r y (also see review by Chenery, 1996).
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Therefore, the mixed results noted in previous semantic priming
research in A D m a y be, in part, attributed to variations in the
design parameters which determine the relative degree of subjectinitiated strategies versus automatic spreading activation.

In view

of these design considerations, contradictory experimental results
m a y reflect a confounding involvement of cognitive processes other
than those related to semantic memory.

Having stated that,

however, this explanation cannot easily account for data in which
hyperpriming and significant underpriming are reported in the one
group of patients (Albert & Milberg, 1989).

Other variables within

experimental designs must also be examined and the issue of
heterogeneity within the A D

population must be addressed.

1.5 Developing a Model of Semantic Memory in Alzheimer's Disease

The several issues addressed throughout this Chapter are of
significance for the construction of an adequate model of the
semantic m e m o r y deficit observed in A D .

The assumption that

paradigms used for measuring semantic m e m o r y do, in fact,
measure that function, without confounding by other cognitive
variables is questionable.

O n explicit tests of semantic memory, the

influence of functions such as decision making and attention
appears to be high.

O n the implicit task of semantic priming,

although potentially a more direct measure of semantic memory,
the confounding by other cognitive variables m a y c o m e into play if
design parameters, such as S O A

and relatedness proportion,

promote the use of subject-initiated strategies.

In addition,

heterogeneity of the A D population, particularly in the mild stage of
the disease (Martin, 1987), m a y provide some explanation for the
mixed results reported across previous studies of semantic m e m o r y
in A D .

Several additional issues will be addressed in Chapter 2. Firstly,
recent developments in cognitive models of semantic m e m o r y
suggest that greater differentiation exists between aspects of the
semantic m e m o r y store than have been adequately allowed for in
previous research.

Studies of the structure of semantic m e m o r y

itself indicate possible differentiation of sub-components within
that store (Farah, Meyer & McMullen, 1996; Satori, Miozzo & Job,
1994), such as knowledge of the functional qualities of objects
versus knowledge of the perceptual qualities of objects (Silveri &
Gainotti, 1988).

Studies to date have either not specified the type

of semantic associations used in semantic priming tasks with A D
subjects, or have provided a narrow definition of semantic
association, such as a semantic category co-member (e.g., Albert &
Milberg, 1989; Chertkow et al., 1989; Glosser & Friedman, 1991;
Ober et al., 1991).

Secondly, semantic m e m o r y has often been

explored in isolation from other information processing components
in current cognitive neuropsychological models of language
processing (Morton & Patterson, 1980).

Performance on a semantic

priming task demands the functioning of information processing
stages, such as orthographic input and phonological output.

The

integrity of the cognitive processes necessary to carry out a
semantic priming task have not been systematically explored in A D

subjects.

It is the aim of the current thesis to explore these issues

in relation to the semantic m e m o r y impairment observed in A D .

CHAPTER 2
THE FUNCTIONAL ARCHITECTURE OF THE
SEMANTIC MEMORY SYSTEM
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Our knowledge of everyday concepts must exist in some form of
permanent storage in the brain.

Such a knowledge base in long-

term m e m o r y is an essential part of everyday cognitive activities
such as understanding the meaning of spoken words, identifying
objects and concepts, and producing their corresponding names
(Tulving, 1972, 1983).

This permanent conceptual store has been

termed semantic m e m o r y (Tulving, 1983) and is viewed as a
cognitive system with a structure and organisation that is similarly
maintained from one individual to the next (Chertkow & Bub,
1990a; McCloskey, 1993).

For language processing, object recognition and naming to take
place, stimuli must be recognised, their meanings attributed to
them, and verbal labels attached.

Models of information

processing must explain a process whereby the knowledge base, or
semantic system, is accessed and utilised.

The enormous capacity

required of such a hypothetical system has led to the development
of models concerned not only with explaining the experimental
and clinical data, but also with economies of scale. It has been
suggested that as any processing system becomes more complex it
would tend to evolve toward a modular design (Fodor, 1983) and
in this case, information is seen to be processed by a system of
m a n y separate but interconnected sub-systems (Ellis, 1987;
Shallice, 1988b).

A primary functional advantage of a system

being organised in a modular way is that it can be modified or
improved by changing a particular module, rather than changing
the whole system.

2^1—Modularity

of Information Processing

Empirical findings appear to support the idea that the brain is
organised around fundamentally different information storage
systems.

For example, episodic and semantic memories appear to

exist separately from that knowledge base which includes skills,
priming, and dispositions (Nyberg & Tulving, 1996; Sabe, Jason,
Juejati, Leiguarda & Starkstein, 1995).

Semantic memory m a y

further be distinguished from episodic memory, as the former is
culturally shared, not temporally specific and largely acquired
prior to episodic memory (Hodges, Patterson & Tyler, 1994;
Tulving, 1983).

Current explanations of information processing

accordingly subscribe to multi-component, or "modular" models
(Caramazza, 1986; Satori, Miozzo, et al., 1994).

The components, or modules, within a cognitive information
processing system are said to have two functions. They can be
systems of storage of information, as well as processors of
information (Shallice, 1988b, 1993).

That is, they not only store

information, but m a y also contain procedures for finding relevant
stored information, or modifying information into other forms.
Modules are linked by communication pathways, and hence,
operation of one module m a y depend upon activation from
another module.

In some cases, communication between modules

m a y also be bi-directional (Hodges et al., 1994).
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2.2

A Modular View of Language Processing

Support for a modular approach to language processing has come
from several sources.

A commonly cited approach involves

identifying specific processing deficits and strengths in patients
with acquired neurological disorders (e.g., Castles & Coltheart,
1996; Satori, Masterton & Job, 1987; Shallice, 1988a, 1988b).

Such

an approach is based on the assumption that modules m a y be
selectively impaired in those with brain injury.

M u c h information,

in particular, has derived from single-case studies according to
principles of cognitive neuropsychological research (Caramazza,
1986; McCloskey, 1993).

Such studies use evidence of significant

differences in performance between specific components of
processing (e.g., Case 1: task A unimpaired, task B impaired) to
indicate that the modules which are thought to reflect those
components of processing are semi-independent units.

This is

based on the premise that differences in performance between
tasks reflects intact functioning of one module, but impairment of
another module.

Identification of difference in this w a y is named

a "single dissociation".

A difficulty with the interpretation of single dissociations is that
one cognitive task m a y vary from another in terms of the level of
task difficulty, and hence differences in performance m a y not
accurately indicate different cognitive processing units, but rather
that one task is more difficult than the other (e.g., task B more
difficult than task A ) . Such a criticism is overcome if another case
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example is found which shows performance in the opposite
direction from the first case (e.g., Case 2: task A impaired, task B
unimpaired).

The combination of the two sets of data in this way

cannot be explained according to a difference in task difficulty
between task A and task B.

Such a situation is named a "double

dissociation", and is not subject to the same criticism as single
dissociations (Shallice, 1979).

It has been reported, for example,

that anomic patients have word-finding problems yet they m a y
show normal syntactic skills.

In contrast, patients labelled as

"agrammatic" m a y be able to retrieve words well, but can no
longer arrange them into grammatical sentences (Ellis &
1988).

Young,

This suggests that separate cognitive modules likely exist

for word finding and syntax.

Within a modular framework, semantic memory is seen as a semiindependent module within a complex organisation of processing
and storage modules.

It is part of a larger system of information

processing concerned with the processing of written words, speech,
seen objects and pictures (Morton & Patterson, 1980).
Accordingly, access to semantic m e m o r y is thought to proceed via
a complex set of cognitive processing routes.

All paradigms used

in the study of semantic m e m o r y functioning are influenced by the
processes that are hypothesised to provide input to the semantic
m e m o r y module, and those which are hypothesised to produce
measurable output.

Errors of output on a task m a y therefore be

due to one or several impairments of processing other than that
attributable to the semantic m e m o r y module.

For example, poor
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performance m a y be due to impairments in the processing of
auditory stimuli or in orthographic lexical input, depending on the
modality used for stimulus presentation.

2.3 The Independence of Semantic Memory

The degree to which semantic memory functions independently,
that is, the degree to which it is not dependent on interaction with
other modules and vice versa, has recently been explored (e.g.,
Hodges et al., 1994).

In the early stages of processing, sensory

input m a y be expected to be unaffected by central semantic
memory dysfunction, and studies appear to support the distinction
between semantic m e m o r y and visuospatial skills, perceptual
processes required to judge object constancy, short-term m e m o r y
for audioverbal and spatial material, and non-verbal problem
solving (Hodges, Patterson, Oxbury & Funnell, 1992; Hodges et al.,
1994).

Other studies appear to provide support for a distinction

between word meaning and the grammatical role of words in
sentences (Schwartz et al., 1979).

On the other hand, it has been suggested that, in normal
processing, the sub-systems that are in constant interaction with
meaning might not be able to perform adequately when semantic
representations are degraded.

For example, double dissociation

studies have reported that while episodic and semantic m e m o r y
do appear to be relatively separate sub-systems (see Tulving,
1983 for a review), episodic memory, at least, appears to be
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reliant upon intact functioning of semantic m e m o r y (Patterson &
Hodges, 1994).

Further research has investigated phonology and object
recognition in relation to semantic memory.

Initial reports suggest

that the integrity of phonological representations is partly
dependent on communication with meaning (Patterson, Graham
Hodges, 1994).

&

It has been reported that patients identified with

specific semantic m e m o r y deficits (semantic dementia) have
difficulty repeating strings of words they no longer know the
meaning of, as opposed to strings of known words. It has also
been suggested that the structural description system which
enables us to classify objects as familiar (Object Decision tasks, see
Humphreys & Riddoch, 1987) depends on semantic knowledge
about those objects (Hodges et al., 1994; Hodges, Patterson et al,
1992; Chertkow, Bub & Caplan, 1992).

Research examining the interdependence of modules may serve to
put into context the role and function of semantic memory.

For

the purpose of the current thesis, and according to most c o m m o n
views, semantic m e m o r y is assumed to be a semi-independent
module.

According to Shallice (1988a), semantic memory does

seem to have at least a degree of independence from other
cognitive processes since it can apparently be selectively disrupted
by brain disease.

A s Patterson and Morton (1985) note, even if

two routes do not operate in complete isolation, it is possible for
one of them to be impaired as a result of insult.
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2.4

Processing a Single W o r d or Object

In order to understand the hypothesised cognitive processes
involved in m a n y empirical semantic m e m o r y tasks it is important
to examine models of processing of a single word or object.

Most

models assume that the proposed semantic m e m o r y module that is
used to understand speech and printed material is the same as
that used to understand pictures and seen objects (Riddoch,
Humphreys, Coltheart & Funnell, 1988), although other views will
be discussed later.

The most commonly accepted model of word

and object processing, and that which will be described here, has
been developed over time by several researchers (Coltheart, 1987;
Coltheart & Rastle, 1994; Coltheart, Curtis, Atkins & Haller, 1993;
Morton & Patterson, 1980).

The model, as shown in Figure 1,

describes a system of proposed modules through which processing
of words or objects takes place relatively independently for the
input modalities of speech, printed material and visual stimuli
(pictures and seen objects), although each pathway incorporates a
c o m m o n single semantic m e m o r y module.

2.4.1 Access to Semantic Memory by Auditory Stimuli

As seen in Figure 1, entry into the semantic memory module via
the auditory (speech) modality is assumed to require passage
through three modules.

Initially, acoustic components of the

incoming language stimuli are thought to be processed by the
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Figure 1. Model of Language Processing (from Kay, Lesser &
Coltheart, 1992)
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auditory phonological

Following this, input is

analysis module.

considered to be sent to the phonological

input buffer, which is

thought to hold larger amounts of auditory information (e.g.,
multi-syllable words) so that input is in an appropriate form for
entry into the next module in the proposed processing pathway,
the phonological

input lexicon. A lexicon m a y be described as a

store of information, such as a dictionary, and this module is
thought to contain the store of words k n o w n to an individual
based upon the word's phonological code.

Although words are

"recognised" within the lexicon, their "meanings" are assumed to
be derived from the semantic

memory

module.

Hence, within this

model, the phonological input lexicon sends input into the semantic
m e m o r y module for processing, and subsequent output (the stages
of which will be described later).

The processing stages which precede input into semantic memory
(i.e., the auditory phonological analysis module, the phonological
input buffer and the phonological input lexicon) are termed "presemantic".

Deficits in these pre-semantic modules, or the

communication pathways between them, are considered to play a
role in impairments of auditory stimulus processing, regardless of
the integrity of the semantic system and all subsequent output
processes.

A n individual presenting with deficits specific to the

pre-semantic auditory processing pathway would be unable to
process the meanings of words presented in the auditory modality,
however, m a y adequately process similar material presented in
the visual modality (either written words or pictures).

That is,
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access to semantic m e m o r y can be achieved through alternative
pre-semantic pathways (to be discussed later).

Spoken (auditory) non-words, that is, strings of letters that do not
form k n o w n words, are not part of the stores found in the
phonological input lexicon (or the phonological output lexicon).
The route postulated to account for the adequate repetition of nonwords receives input directly from the auditory phonological
analysis module, and consists of an
conversion

module.

acoustic-to-phonological

This is said to provide input in turn to the

phonological output buffer, that module which is proposed to
facilitate the neuromuscular programming necessary for the
formulation of speech output.

2.4.2 Access to Semantic Memory by Pictorial Stimuli

Stimuli which enter semantic memory via the visual modality,
such as seen objects or pictures, are assumed to proceed firstly to
the visual object recognition system. This module is thought to
contain entries which are structural descriptions of familiar
objects, and its role is to "recognise" these visual objects (Hodges et
al., 1994).

Recognition of objects is considered to be achieved

when the visual features of the stimulus have been "matched"
with one of the structural descriptions existing in the visual object
recognition system.

This is thought to occur according to two

independent means, one that makes use of the object's distinctive
features, and the other that utilises its principle axis of elongation
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(Humphreys & Riddoch, 1984; Humphreys, Riddoch & Quinlan,
1988).

The visual object recognition system is implicated in

performance during the Object Decision task, that is, making
decisions regarding whether objects are "real" objects (i.e., exist in
reality) or "unreal" objects (fictional) (Riddoch &

Humphreys

1987).

As can be seen in Figure 1, the visual object recognition system is
assumed to send input directly into the semantic m e m o r y module
(Sheridan &

Humphreys, 1993), although several alternative

proposals have been put forward to describe the processing of
visual stimuli.

Hodges et al. (1994) argue that the pathway from

the visual object recognition system to semantic m e m o r y is bidirectional.

They suggest that structural descriptions of objects

cannot function normally if there is a loss of semantic knowledge,
or meaning, and that object representations are activated in
conjunction with knowledge of meaning or functions of those
objects.

Another view holds that visual object recognition is a task

carried out by the semantic m e m o r y module itself. For example,
Chertkow et al. (1992) propose that the visual object recognition
system is a sub-system within the semantic m e m o r y module.
According to this explanation the visual stimuli enter directly into
semantic m e m o r y to be "recognised" prior to access to semantic
information (cf., Hillis, Rapp & Caramazza, 1995).

Within the model presented in this thesis, there are no routes
available for visual object identification other than through the
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semantic system (Kay, Lesser & Coltheart, 1992; Morton
Patterson, 1980).

&

This implies that visual objects m a y only be

named if they have been comprehended or identified in semantic
memory.

Others (e.g., Kremin, 1986; Ratcliff & N e w c o m b e , 1982)

argue that a direct connection m a y exist from the visual object
recognition system to the phonological output lexicon.

Such a

route would allow for visually presented objects to be named
without their associated knowledge or meaning being accessed.
The preservation of naming in the context of impaired
comprehension m a y be interpreted as evidence that there is a
direct link between perception and speech production which
bypasses the verbal meaning system, and the best documented
cases of this phenomenon come from those patients with a specific
impairment in the comprehension of the names of body parts
(autopagnosia) (Ellis & Young, 1988; Goodglass, Wingfield, Hyde &
Theurkauf, 1986).

Such patients m a y be able to name the parts of

their body even though they fail on such elementary tasks as
"point to your hand" (e.g., Ogden, 1985).

However, in most

accounts of object recognition, an object must be comprehended
correctly if it is to be named (Ellis, Kay & Franklin, 1982).

2.4.3 Access to Semantic Memory by Orthographic Stimuli

Processing of printed letter strings is considered to be obtained in
one of three ways, two of which do not pass through semantic
memory (non-semantic routes).

O n e pathway is constituted from a

direct route from the recognition of the orthographic structure of
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words to phonological output, which bypasses semantic memory.
This is named the lexical-non-semantic route.

A second route is

thought to analyse the graphemic forms of a word to create direct
output.

This is called the grapheme to phoneme conversion route,

and it also bypasses semantic m e m o r y (Coltheart & Rastle, 1994).
The route which utilises semantic m e m o r y is called the lexicalsemantic route.

This model of reading words is k n o w n as the

dual-route model of reading (Coltheart, 1985), that is, a lexical
(whole-word) route (which consists of the lexical non-semantic
and the lexical-semantic routes), and the sublexical grapheme to
phoneme conversion route.

2.4.3-i The Lexical-Semantic Route

Written words are thought to be processed by an abstract letter
identification module, a module which identifies letters regardless
of font or letter case, or the position of letters in a letter string
(Coltheart et al., 1993).

Following this, processing of real words

continues through the orthographic input lexicon. This module is
considered to contain all words k n o w n to an individual, and those
strings of letters which are considered real words can be identified
by the lexicon based upon their orthographic characteristics.

The

orthographic input lexicon is used in making a decision regarding
whether letter strings are "real" (exist in the individual's language)
or "not real" (fictional), and such a task, called the Lexical Decision
task, is often used to assess the integrity of the lexical-semantic
pathway.

According to the model, processing from the
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orthographic input lexicon enters semantic m e m o r y in order for
comprehension, or the "meaning" of the word to be accessed.

2.4.3.ii Non-semantic Routes

Orthographically presented non-word letter strings are not able to
be identified by the orthographic input lexicon, and do not
correspond to entries in semantic memory.

A non-semantic route

is proposed for the processing of non-word letter strings.

These

letter strings are said to pass from the abstract letter identification
module to the grapheme

to phoneme

conversion module, which is

considered to allow non-words to be read according to k n o w n
grapheme to phoneme conversion rules, that is, a system which
utilises components of the word rather than the whole word (cf.,
the lexical-semantic pathway) (Hodges, 1994; Shallice, 1988b).

If

this route is used to read real but irregular words, such as "pint"
and "yacht", errors of regularisation will be expected (e.g., "pint"
rhyming with "mint") (Patterson & Hodges, 1992).

The presence of

regularisation errors in real-word reading m a y indicate reliance on
processing through the grapheme to phoneme conversion route
because of inadequate functioning of the lexical-semantic route.
The grapheme to phoneme conversion module is thought to send
input directly to the phonological output buffer for actual speech
production (to be described below).

According to this model of processing, the grapheme to phoneme
conversion route bypasses semantic m e m o r y as well as the pre-
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semantic lexical module.

It processes non-words and so, by

definition, requires no comprehension of these words.

However, it

has also been found that real, yet irregular, words m a y be read
appropriately without their comprehension.

In order to explain

this, a direct connection between the orthographic input lexicon
and the phonological output lexicon, which bypasses semantic
memory, has been proposed (Coltheart, Masterton, Byng, Prior, &
Riddoch, 1983; Funnell, 1983).

Hence, it is also considered possible

for orthographically presented real words to be read without
access to the semantic m e m o r y module.

2.4.4 Speech Output from Semantic Memory

Output from the semantic memory system may involve several
modalities.

For the purpose of the present thesis, output of speech

will be addressed.

Those modalities which are not discussed here

are output by written word or motor responses.

Although semantic memory is said to provide meaning to words
and objects, it is considered that the names associated with those
words or objects are accessed separately (Ellis & Young, 1988).
The dissociation of semantic comprehension of words and their
associated names has been supported by case studies which report
impaired word retrieval in the presence of preserved word
meaning, and vice versa (Gainotti, Silveri, Villa & Miceli, 1986;
Zingester & Berndt, 1988).
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The m e m o r y store for the pronunciation of words has been named
the phonological output lexicon (Kay et al., 1992).

The

phonological output lexicon is thought to contain all real words
known to an individual based upon the phonological codes of
words.

According to most models (e.g., Levelt, 1992), it is assumed

that words in the phonological output lexicon are represented as
phonological elements rather than as pre-assembled packages, and
that onset-rhyme syllable division is a major aspect of this
representation (Treiman & Danis, 1988).

It has further been

suggested that access to elements of a word's representation m a y
be facilitated because of links to the word's meaning (Treiman
Danis, 1988).

&

That is, the pathway between the phonological

output lexicon and the semantic m e m o r y module m a y be bidirectional.

Patients with proposed deficits in the phonological output lexicon
have been described as displaying a characteristic word frequency
effect (i.e., is influenced by the frequency with which the word
occurs in normal language) (Ellis & Young, 1988).

Kay and Ellis

(1987) report the case of patient E S T w h o experienced word
finding problems for words whose meanings were available to
him.

A clear pattern emerged w h e n the frequencies of occurrence

of the names were compared for the stimuli eliciting different
types of responses from E S T .

Specifically, those pictures he could

name immediately had the highest frequency.

This led Kay and

Ellis (1987) to propose that the source of his anomia lay in a deficit
in activating entries for words within the phonological output

42
lexicon.

It is thought that entries in the lexicon which are

frequently activated develop higher resting levels of activation
(Oldfield & Wingfield, 1965).

Such a proposal provides an

explanation for the finding that high frequency words are named
more rapidly than low frequency words in normal subjects
(Oldfield & Wingfield, 1965), and that slips of the tongue usually
involve the replacement of a less frequent word by a more
frequent one (Beattie &

Butterworth, 1979).

Output from the phonological output lexicon is considered to be
directed to the phonological

output buffer, a temporary store

facilitating the formulation of actual speech production.

The

process whereby information is transmitted between the
phonological output lexicon and the phonological output buffer
remains unclear.

In some theories (e.g., Morton, 1980), when the

entry or "node" for a particular word in the lexicon is activated by
its meaning, the lexicon releases a phonological "code" which is
held in a short-term m e m o r y store before being articulated.

In

other theories (e.g., Stemberger, 1985), when a node in the lexicon
is activated it does not release any form of code, but rather
transmits activation d o w n to nodes at a lower, phonemic level,
activating the nodes for those phonemes which m a k e up the word
to be spoken.

Evidence that there is discontinuity between the stages of target
word selection (phonological output lexicon) and word production
comes from observed dissociation between the ability to retrieve
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words for writing and retrieval of words for speaking.

In such

cases, the ability to retrieve the written form of a word m a y be
spared even though the patient m a y be unable to retrieve it for
speech, with other aspects of speech being relatively well
preserved (e.g., Hier & Mohr, 1977; Bub & Kertesz, 1982).

2.5 Separate Semantic Systems vs. a Single Semantic Memory
Module

Although the model of processing described above proposes a
unitary semantic m e m o r y module (Funnell & Sheridan, 1992;
Riddoch et al., 1988; Stewart, Parkin & Hunkin, 1992), many
consider that some specialisation m a y exist within the semantic
memory module (Allport, 1985; Farah et al., 1996; Shallice, 1987,
1993; Warrington & McCarthy, 1987).

Others, however, argue for

several semantic systems corresponding to separate stores of
information for each modality of input (Beauvois, 1982).

The suggestion of specific semantic systems for different modes of
information has been initiated by attempts to provide explanations
for cases of optic aphasia (Ellis & Young, 1988). Such patients can
recognise (by correctly gesturing) seen objects and handled
objects, suggesting adequate access to semantic memory, but can
only name those objects that have been handled (Coslett & Saffran,
1989).

Such a condition poses a challenge to theories that

postulate a c o m m o n set of semantic representations for known
objects that can be accessed from any sensory modality.

Beauvois
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(1982) postulated that there were meaning systems associated
with touch and vision that were independent of the knowledge
base used in verbal comprehension.

That is, patients m a y have

disconnection between the verbal knowledge base and the
semantic knowledge base of the affected modality, and will thus
fail the cross-modal task of verbally naming a visually seen object.

However, several authors have argued that such findings do not
necessarily indicate modality-specific semantic m e m o r y
(Funnell & Sheridan, 1992; Stewart et al., 1992).

systems

Riddoch and

Humphreys (1987) and Riddoch et al. (1988) suggest that many of
the characteristics of visual modality-specific impairments (optic
aphasia) can be thought of in terms of a failure to transmit
information from the pre-semantic structural representation
system to semantic knowledge.

In support of their argument,

Riddoch and Humphreys (1987) described a patient w h o made
errors which were both visually and semantically related to the
targets.

This type of mixed error might be accounted for in terms

of faulty transmission of information from perceptual processing
to semantic memory.

However, their account is not sufficient for those patients in whom
the integrity of knowledge within the affected modality has been
established, for example using visual-visual matching (Coslett &
Saffran, 1989), and it cannot easily account for cases of category
specific optic aphasia (Rapcsak, Kaszniak, & Rubens, 1989).

The

investigation of semantic m e m o r y as a unitary module must,
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therefore, proceed somewhat tentatively.

At the very least, a

disconnection account requires modification to postulate categoryspecific transmission routes.

Many authors consider that some internal specialisation according
to different types and modes of information occurs within
semantic memory, whether it be as part of a unitary system, or a
multiple set of systems (Allport, 1985; Farah et al., 1996; Satori,
Miozzo & Job, 1994; Shallice, 1988a).

Specialisation is thought to

have developed as a result of the semantic m e m o r y module
receiving input at various entry points and serving different
systems from various exit points (Shallice, 1988a).

2.6 Fractionation of Storage within Semantic Memory

Ellis (1987) noted that a possible weakness of modular processing
models has been that although modules can be labelled, their
component parts and internal workings are not necessarily
adequately explained.

Research has attempted to address this in

the field of semantic m e m o r y (e.g., Patterson & Hodges, 1994).

An early view of semantic memory (Collins & Quillian 1969; Rosch,
1975; Rosch, Mervis, Gray, Johnson & Boyes-Braem, 1976)
suggested that knowledge was grouped together according to
natural categories, such as, furniture, tools, animals etc., and that
within these categories concepts were stored hierarchically, that is,
each category would be headed by the category definer
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(superordinate), for example, "animals", while concepts and
exemplars of the category existed in lower levels of the hierarchy
(subordinate), for example, "bird", in order of decreasing degrees
of shared features (e.g., bird-feathers-canary).

The hierarchical

model assumed that knowledge was stored in the form of an
associative (semantic) network, with the nodes in the network
corresponding to concepts (e.g., bird, feathers, canary), and the
links between nodes corresponding to conceptual relations joining
these concepts (e.g., is a .... ; has .... ; can .... ) (Chang, 1986). The
meaning of each concept was represented by its relationship to
other concepts, so that properties (e.g., feathers) did not need to be
stored at all the nodes to which they applied (e.g., canary,
sparrow), but only at their most general node.

Consistent with such a model are clinical case studies which report
impairments in naming and comprehending that are confined to
one, or a limited number of semantic categories. For example, case
studies have reported selective impairments in naming or
identifying body parts (Dennis, 1976), country names (McKenna

&

Warrington, 1978), indoor objects (Yamadori & Albert, 1973) and
fruit and vegetables (Hart, Berndt & Caramazza, 1985).

Several

cases have also been reported which indicate disproportionate
difficulty in the naming and identifying of living things (e.g.,
parrot, daffodil), in comparison to inanimate objects (e.g., torch,
briefcase) (Satori, Miozzo & Job, 1994; Warrington & Shallice,
1984).

Studies which have reported an apparent loss of

"subordinate level" information are also consistent with
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hierarchical network models of semantic memory (e.g., Hodges,
Patterson, et al., 1992; Warrington, 1975).

However, other clinical data are not easily explained by a
hierarchical model of semantic memory.

Riddoch and Humphreys

(1987) and others (Gainotti & Silveri, 1996; Silveri & Gainotti,
1988) have reported cases in which the conceptual knowledge of
objects is intact (e.g., a lion is found in Africa), while knowledge of
the structural characteristics of objects is impaired (e.g., a lion has
a mane).

Such findings have led to suggestions of fractionation

within semantic memory according to other dimensions, such as
the visual features of an object in contrast to conceptual, or
functional, knowledge regarding the object.

This cannot be

explained according to the hierarchical model of semantic memory
which proposed that information is stored according to categories
and would predict that impairment would affect objects within the
one category regardless of the type of information that is being
accessed.

Accordingly, it has been suggested that observed impairments
considered to be specific to one category, such as animate objects,
may, in fact, reflect impairment in some type of knowledge that
disproportionately affects that category, rather than loss of a
specific category.

It is proposed that some classes of objects,

mainly living things, are primarily known to us by their visual
properties, whereas inanimate objects are critically defined by
their functions as well as their sensory features (Farah &
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McClelland, 1991; Humphreys & Riddoch, 1987; Jolicoeur, Gluck, &
Kosslyn, 1984; McCarthy & Warrington, 1988; Sheridan &
Humphreys, 1993).

Thus, if a visual sub-sytem was independently

affected, this would have disproportionate consequences for
knowledge about living objects, whereas if a functional subsystem
was independently affected, knowledge of inanimate objects would
be disproportionately affected.

Other criticisms of the hierarchical model concerned economies of
scale. In the Collins and Quillian (1969) model, a concept such as
"feathers" would not be stored with "canary" but as a property of
the superordinate "bird". T o find out if a canary has feathers
would firstly require processing of the concept "birds", and hence
the time required to process such information was considered to
vary according to the hypothesised distance between concepts in
the hierarchy.

However, Conrad (1972) reported that the time

required to m a k e a decision about the validity of semantic
statements was relatively independent of proposed hierarchical
levels, and was more likely a function of the frequency with which
words appeared together in language.

Further difficulties for the

hierarchical model arose in attempts to explain w h y a statement
such as, "an ostrich is a bird" takes longer to verify than the
statement, "a canary is a bird" (Chang, 1986).

The hierarchical

model does not explain w h y one member of a category (e.g.,
ostrich) might be less representative of that category than another
member (e.g., canary), an effect named "typicality".
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Several alternative models of semantic m e m o r y have been
postulated in attempts to account for empirical data.

For example,

some have proposed that words or objects are stored within
separate nodes, and that each of these nodes includes all
associated information (such as the set-theoretical model, Meyer,
1970).

In contrast, Smith, Shoben, and Rips (1974) and Rips,

Shoben and Smith (1973) developed the semantic featurecomparison model, which did not assign independent status to
noun concepts, but proposed that the meaning of a concept can be
represented as a set of semantic features.

The set of features

related to any concept was considered to vary along a continuum
from very important (critical defining features) to trivial
(characteristics).

However, this model did not explain several

important empirical results, such as the finding that subjects
usually require less time to verify that an object is a m e m b e r of a
relatively small category than a m e m b e r of a relatively large
category (see Chang, 1986 for a review).

Others have proposed

connectionist models, in which a concept is represented by a
particular pattern of activation over a network of connected
feature units, rather than a single node (McClelland & Rumelhart,
1985).

This is one of a class of models known as network models

(McClelland, 1989), which assume that processing can occur in
parallel and interactive ways, rather than in a serial step-by-step
fashion (McDonald, 1995).

A network model1, called the Spreading Activation model, was
For differences between the Spreading Activation model and Connectionist Models see Ramsey,
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developed by Collins and Loftus (1975) and is the model
commonly subscribed to in current research (Ellis, 1993).
According to the Spreading Activation model, specific concepts are
distributed in a network in which related concepts are linked.

It is

assumed that one node represents one concept, with semantically
related conceptual nodes connected by links in such a way that the
network is organised according to semantic similarity (Inoue,
1993) 2 .

Entries which are semantically associated are closer in

terms of number of intervening nodes and link distance, than are
unrelated concepts.

Apparent hierarchical loss of knowledge can be explained within
the Spreading Activation model according to variations in the
degree of overlapping features of functionally or physically similar
concepts (Hodges et al., 1994).

It is thought that "higher level"

judgements can be supported by a m u c h reduced sub-set of
features, whereas "lower-level" attribute judgements are likely to
be more easily influenced by general decline in semantic memory.
That is, at higher levels of the hypothesised hierarchy, a patient
may not need to k n o w anything specific about the object but can
rely upon some non-object-specific information (e.g., has feathers)
to perform the task successfully (e.g, derive the concept "bird")
(Rapp & Caramazza, 1993).

Stich and Garon, (1995).
It is assumed that a spreading activation process is evident in lexical representation as well as
conceptual representation. Collins and Loftus (1975) proposed a structure of lexical network, in
which one node represented the name of a concept, and the lexical nodes phonologically related
were connected with one another by links, that is, the network is organised according to
phonological similarity. (For studies of phonological priming see Inoue, 1993).
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Within a Spreading Activation model, fractionation across several
dimensions of knowledge is possible, and case studies have been
reported which appear to indicate this.

A s already noted, case

studies have reported dissociation between information related to
conceptual properties of objects (e.g., an elephant lives in Africa),
and that related to the perceptual features of objects (an elephant
is grey) (Silveri & Gainotti, 1988) within the same semantic
category.

Warrington (1975), on the other hand, described a case

in which abstract words were comprehended well, in comparison
to concrete words.

Some studies also appear to demonstrate fractionation of semantic
m e m o r y according to more than one dimension within the same
case.

Basso, Capitani and Laiacona (1988) reported a case w h o

demonstrated difficulty comprehending

animate objects, with

relatively preserved comprehension of inanimate objects, as has
been noted in previous studies.

However, this case also displayed

greater impairment for knowledge of visual semantic information
about animals relative to conceptual information about animals.
McCarthy and Warrington (1988) described a patient w h o also
demonstrated poor processing of animate objects versus inanimate
objects, however the impairment was only evident with auditorily
presented stimuli and not with visually presented pictures of
objects.

In summary, several dimensions of fractionation within semantic
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m e m o r y are emerging (Patterson & Hodges, 1994).

Firstly,

semantic m e m o r y m a y be fractionated according to semantic
category, for example, animate versus inanimate.
knowledge

Secondly,

about sensory properties might be separately stored

from knowledge of functional properties.

Thirdly, knowledge

about concrete or imageable concepts, that is, concepts with
sensory properties, might be separately represented from
knowledge of more abstract concepts and fourthly, an auditory
versus visual fractionation m a y be apparent.

Emerging evidence of fractionation within semantic memory is
important to consider in the planning of research examining
semantic m e m o r y impairments.

Such fractionation is

contraindicative of the broad use of "semantic association" in
semantic m e m o r y research.

Previous studies using A D patients

have typically not specified the type of semantic association being
tested (e.g., Albert & Milberg, 1989; Chertkow et al., 1989), or have
used stimuli belonging to one category (e.g., Glosser & Friedman,
1991; Ober et al., 1991).

One notable exception is the study by

Mauri, D a u m , Sartori, Riesch and Birbaumer (1994) w h o reported a
patient with A D w h o presented with a category specific deficit
affecting knowledge of animate objects on explicit semantic
memory tests. Such findings suggest that specification of the type
of semantic association(s) being investigated is likely to lead to
more fruitful understanding of the nature of semantic m e m o r y
impairments.
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2.7

Summary

As discussed in Chapter 1, paradigms used in the study of
semantic m e m o r y can be confounded by various non-semantic
cognitive processes, such as attention and decision making.

This

appears to be particularly the case for explicit tests, in which
subjects m a y be required to respond by eliciting answers or
choosing between options.

Such tasks m a y be problematic for the

study of semantic m e m o r y in A D subjects given that impairments
in this population are observed over a wide range of cognitive
functions.

The implicit task of semantic priming provides an

alternative paradigm for the study of semantic m e m o r y in which
relatively automatic access to semantic knowledge is thought to
occur if particular design parameters are observed (Neely, 1991).

As discussed in the present Chapter, the study of semantic
memory must also consider the information processing units which
are called into play in order to perform the tasks an experimenter
sets for his/her subjects.

In particular, the stages proposed to be

required for entry of information into the semantic m e m o r y
module, and those which accept and create output from the
processing of the semantic m e m o r y module, need to be considered
in research in order to verify the locus of cognitive impairments.

Emerging evidence regarding the semantic memory module itself
appears to indicate fractionation within the store of knowledge
across various dimensions.

Such evidence suggests that greater
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specification of the types of semantic association(s) being tested is
required in research than has previously been the case.

2.8 The Present Study

In order to investigate the nature of the semantic memory
impairment observed in A D

subjects, the present study aims to

explore the integrity of three types of semantic associations in A D
subjects, namely category co-members, functional associates of
objects, and sensory (visual) associates of objects.

A semantic

priming paradigm will be employed in order to minimise the
relative contribution of subject-initiated strategies on task
performance and thus remove these potential confounding factors
in an examination of the nature of the semantic m e m o r y
impairment.

T o further explore the nature of the language deficits

seen in A D , the study also aims to investigate the functioning of
those language processing modules which are believed to send
input to, and receive output from, semantic memory.

It is considered that these experimental aims will be best achieved
through a series of single case studies.

Single case design studies,

particularly in patient populations, address certain limitations of
group design research.

For example, because data is averaged

across all subjects in group design research, the assumption must
be m a d e of a homogeneous population with respect to those
aspects of cognition about which one intends to m a k e inferences
(McCloskey, 1993).

Certainly, research suggests that considerable
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variation exists within the population of early A D patients (Albert
& Milberg, 1989; Martin, 1990).

Although single case studies have

received criticism because they have been said to lack
generalisability, predictability and refutation (Robertson, Knight,
Rafal & Shimamura, 1993), these issues can be, in part, addressed
by implementing several single case studies, in which the
importance of converging evidence plays the same role as it does
in group design research (McCloskey, 1993).

CHAPTER 3
METHOD
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3.1.

Subjects

3.1.1 Alzheimer's Disease Subjects

Six mild probable Alzheimer's Disease (AD) subjects with a mean
age of 72.17 years (SD = 3.87; range = 68-79) and a mean of 10.5
years of education (SD = 2.26; range = 7-13) were recruited from
the local Area Health Service Geriatric and Aged Care units. All
had been diagnosed A D by a multidisciplinary team consisting of
Neurologists, Geriatricians and Clinical Psychologists according to
the National Institute of Neurological and Communicative Disorders
and Stroke - Alzheimer's Disease and Related Disorders Association
( N I N C D S - A D R D A ) criteria for Probable Alzheimer's Disease
(McKhann et al., 1984).

Subjects were excluded from the study if reports from carers
revealed a history of heavy alcohol or other drug consumption,
cerebrovascular disorder, diabetes, severe depression or other
psychiatric condition, or if they were found to have evidence of
focal brain disease on neuropsychological examination,
neurological examination or C T scan.

Thus, it was considered

causes for dementia other than A D had been excluded.

Subjects were required to have adequate vision and hearing, be
English speaking and co-operative.

They provided written

informed consent to participate in the study and consent was
received from each subject's primary carer.
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3.1.2 Control Group

Twenty-four age and education matched control subjects were
recruited from community centres, retirement villages and
geriatric groups in the local area.

Controls were required to have

adequate vision and hearing, be English speaking and co-operative.
Each had provided written informed consent to participate in the
study.

Control subjects were excluded from the study if they had

a history of cerebrovascular disorder, other neurological
conditions, heavy alcohol or other drug use, if they scored less
than or equal to 23 on the Mini Mental State Examination ( M M S E )
(Folstein, Folstein & M c H u g h , 1975), learned less than two words
over a five trial seven-word list learning task (Reid M e m o r y Test,
see Reid, Broe, Creasey, Grayson, McCusker, Bennett, Longley &
Sulway, 1996), or showed impairment on a simple
visuoconstruction task (clock drawing) (Sunderland, Hill, Mellow,
Lawler, Gundersheimer, Newhouse & Grafman, 1989).

Two control subjects were excluded from the study as they
reported a history of mild cerebrovascular attack.

A further

control subject was excluded given her score of 23/30 on the
M M S E which fell below the recommended cut-off score (Tombaugh
& Mclntyre, 1992), and was significantly below the mean for the
control group as a whole (Z = -5.86; p < .0001). It was considered
that these subjects m a y have mild neurological impairments, and
were thus excluded from the control group.

Data analyses were,
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therefore, conducted with 21 elderly control subjects.

These

subjects had a mean age of 74.38 years (SD. = 5.37; range = 67-86)
and a mean of 9.86 years of education (SD. = 1.71; range = 8-16).
The control group did not differ significantly from the group of A D
subjects on age (t(25) = .94; p = .39) or education (t(25) = -.76; p =
.46).

The research was conducted with the approval of the Human
Experimentation Research Ethics Committee of the University of
Wollongong, the Research Ethics Committee of the N S W
Alzheimer's Association, and the Research Ethics Committee of the
Illawarra Area Health Service.

The subject information sheet and

consent form is presented in Appendix A.

Explicit Measures

3.2 Materials

All subjects undertook a series of neuropsychological tests
(referred to as explicit tasks) and a computer generated (on-line)
semantic priming task.

3.2.1. Screening Tests

1. To assess the severity of dementia in AD subjects, and to screen
for cognitive decline in control subjects, the M M S E was
administered (Folstein et al., 1975).

This test consists of 9 items
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assessing a range of cognitive functions, namely orientation, shortterm memory, language, visuoconstruction and praxis.

Each item

is scored according to successful completion of the task.

The

m a x i m u m score attainable is 30, with lower scores reflecting
greater levels of impairment.

Although the M M S E is not sensitive

to early dementia, it m a y be used to provide a quantitative
measure of severity (Hodges & Patterson, 1995; Kaszniak, 1986).

2. To assess visuoconstructional abilities, all subjects were asked
to complete a free drawing of a clock face. A 10-point scoring
criteria was used (Sunderland et al., 1989), with lower scores
reflecting poorer performance.

3. As most tasks within the study demanded subject reading
ability, the Reading Aloud Picture N a m e s subtest (subtest 53) of
the Psycholinguistic Assessments of Language Processing in
Aphasia ( P A L P A ) (Kay et al., 1992) was administered to assess
each subject's ability to read real words. This task consists of 40
words ranging in length from three-letter to eight-letter strings,
and items are scored as either correct or incorrect.

4. In addition to the above tests, the control subjects also
undertook a seven-word list learning task as a measure of verbal
explicit m e m o r y functioning (Reid M e m o r y Test, Reid et al., 1996).
Learning was measured over five learning trials. Words were
presented using both auditory and visual modalities.

The

experimenter read each word at the rate of one word per second,
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while the word was also on display in large bold lower-case type
for the subject to read.

Subjects were asked to recall as many

words as they could after each trial. A twenty minute delay freerecall trial and a 20 minute delay recognition trial were also
administered.

Control subjects were compared to age appropriate

normative data (Reid et al., 1996) in order to screen for possible
cognitive dysfunction.

3.2.2 Semantic Memory Tests

A series of tests were used as proposed measures of the integrity
of semantic memory using a variety of input and output
modalities.

These tests were derived from the semantic memory

test battery of Hodges, Patterson, et al. (1992), tests from the
P A L P A (Kay et al., 1992), and the Pyramid and Palm-trees Test
(Howard & Patterson, 1992).

1. The Controlled Oral Word Association Test (Spreen & Benton,
1977; Spreen & Strauss, 1991) was given as a measure of
unstructured retrieval of words according to orthographic lexical
rules (words beginning with the letters, F, A and S). This task
required subjects to elicit as many words as they could, according
to the prevailing rule, within a 60 second time period.

In addition

to this, a measure of retrieval of words from one semantic
category (animals) was assessed using an Animal-fluency test.
Subjects were scored according to the number of animal names
elicited within the 60 second time period.

Words that were
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incorrect according to the prevailing instructions were not
included in the scoring.

2. The Written-word-to-picture Matching test of the PALPA
(subtest 48) (Kay et al., 1992) was included to assess the
comprehension of single-word written stimuli.

This task required

subjects to read an object name and point to the line drawing of
that object from an array of five line drawings.

This task was

considered to place minimal demands upon subjects' output
mechanisms, and hence was proposed to assess the functioning of
semantic m e m o r y through the orthographic input and object
recognition routes.

Subjects gained a score for each picture

correctly identified within the test.

The m a x i m u m score a subject

could attain on this task was 48.

3. The Boston Naming Test (Kaplan, Goodglass & Weintraub, 1983)
was used to derive a measure of confrontation naming.

This test

consists of 60 line drawings ordered according to decreasing
familiarity, beginning with a drawing of a bed, and ending with a
drawing of an abacus.

Subjects were required to name each line

drawing aloud and were given a score of one for each correct
verbal identification of an object.

This allowed a measure of

functioning of the visual object recognition route through semantic
m e m o r y and phonological output.

4. The Pyramids and Palm Trees Test (Howard & Patterson, 1992)
was administered to assess subjects' ability to match objects
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according to semantic associations.

The three-picture version of

the task was used to assess the integrity of the semantic m e m o r y
module without reliance upon the written or spoken word routes,
that is, input is considered to enter semantic m e m o r y through the
visual object recognition system.

Subjects were shown a line

drawing of an object or scene, and were required to choose which
of two alternatives they felt related more closely to that object.
For example, w h e n shown a drawing of a footpath, subjects were
required to choose between a drawing of either a pair of feet, or of
a pair of hands. Subjects could score a m a x i m u m of 52 points by
gaining one point for each correct match.

3.2.3 Reading Tests

All subjects also undertook a series of tests designed to assess the
integrity of proposed non-semantic routes of reading according to
the cognitive neuropsychological model of information processing
presented in Chapter 2 (Morton & Patterson, 1980), namely, the
grapheme to phoneme conversion route and the lexical route.

1. The Non-Word Reading test from the PALPA (subtest 36) (Kay
et al., 1992) provides a list of 24 orthographically correct nonwords, ranging from three-letter to six-letter strings.

This task

was included as a proposed measure of the integrity of the
grapheme to phoneme conversion route of single-word reading.
Each subject was required to sound out each letter string, and
obtained a score of one if correctly sounded according to grapheme
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to phoneme conversion rules.

Subjects could score a m a x i m u m of

24 points on this task.

2. The Spelling Sound Regularity Reading Task from the PALPA
(subtest 35) (Kay et al., 1992) provided a measure of the integrity
of the hypothesised lexical routes to reading, namely, the lexicalnon-semantic and the lexical semantic routes.

This test provides a

list of 60 real words, with an equal representation of
phonologically regular (e.g., flannel) and phonologically irregular,
or exception words (e.g., island).
letter to eight-letter strings.

W o r d lengths range from three-

Subjects were required to read aloud

each word and obtained a score of one for each correctly
pronounced word, gaining a possible m a x i m u m score of 60 points.

3.3 Procedure

Explicit measures were administered to subjects in random order,
following completion of the semantic priming experiment.

Semantic Priming

A semantic priming experiment was designed to assess the
integrity of the semantic m e m o r y store in patients with A D while
minimising task demands.

The neuropsychological tests described

above share the characteristic of requiring deliberate access to
semantic information, rather than automatic access (Blumstein et
al., 1982; Chenery et al., 1990).

Semantic priming is a paradigm

64
proposed as an implicit test of semantic memory, that is, one that
is relatively independent of attentional or decisional demands.
The current priming experiment was designed to minimise the
subject-initiated strategies of postlexical matching and expectancy
generation (Neely, 1991) and to assess several types of semantic
association between the prime and target words.

3.4 Experimental Design

A pairwise pronunciation priming task (naming) with five (5)
levels of the prime condition was employed.

In order to minimise

subject-initiated strategies, a low proportion of related words

(.15)

and a short S O A (350 m s ) were adopted.

A pronunciation task was chosen for the priming experiment given
its apparent advantage in relation to automatic access of the
semantic store (Neely, 1991).

Both expectancy generation and

postlexical matching are thought to occur in lexical decision
paradigms (Seidenberg, Waters, Sanders &

Langer, 1984), even at

short S O A s , whereas the subject-initiated strategy of expectancy
generation only needs to be considered in pronunciation
paradigms.

The relative simplicity of task instructions inherent in

a pronunciation design was also considered to be of advantage in
minimising attentional demands and difficulties remembering task
instructions in the A D subjects.
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Subjects were required to read five (5) blocks of 60 noun words
each.

Each of the 60 words was preceded by another word (its

prime), which the subject was asked to ignore. Within each block,
15 of the words were target words to be used in statistical
analyses, and 45 of the words were filler words.

The five (5) priming conditions for the 15 target words were 1) a
category co-member of the target word, 2) a functional associate of
the target word, 3) a sensory (visually imageable) associate of the
target word, 4) an unrelated word prime, and 5) a neutral
(orthographically correct non-word) prime.

The related prime

words were derived from the Minnesota W o r d Association N o r m s
(Jenkins, 1970).

For example, for the target word "cheese", related

primes were "milk" (category co-member), "mice" (functional
associate) and "yellow" (sensory associate).

The two unrelated

primes for the target word "cheese" were randomly selected from
appropriate groups of words, and m a y have been, for example,
"dream" in the unrelated word prime condition, and "mecop" in the
neutral (non-word) prime condition.

Neutral primes were

included in the experiment to allow for later analysis of the
relative contribution of facilitation versus inhibition on priming
effects found, that is, a measure of the relative degree of subjectinitiated strategies employed in the priming task (Ober & Shenaut,
1995b).

To control for effects of target word familiarity, word frequency,
age of acquisition, imageability, concreteness, word length and
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word reading speed across the prime-type conditions (see
Morrison & Ellis, 1995), the same 15 target words were used
across the five conditions. That is, each target word was presented
five times over the course of the experiment, each time preceded
by a prime from a different prime condition.

Within each block, three of the 15 target words were preceded by
their category co-member prime (condition 1), three by their
functional associate prime (condition 2), three by their sensory
associate prime (condition 3), three by an unrelated word prime
(condition 4) and three by a neutral (non-word) prime (condition
5).

That is, within each block, nine of the 15 target words were

preceded by related primes (conditions 1, 2, 3) three by unrelated
primes (condition 4), and three by neutral primes (condition 5).
The order of presentation of the prime conditions across the five
blocks for each target word was randomised.

Each target word

was preceded by each prime condition only once throughout the
experiment.

The remaining 45 words in a block were randomly allocated from
a Filler W o r d list (shown in Appendix B ) also derived from the
Minnesota W o r d Association Norms list of noun words (Jenkins,
1970).

The order of presentation of the words to be read within

each block was randomised.

Of the 45 filler words which were to

be read within each block, 36 were preceded (primed) by a
randomly allocated word from the same Filler W o r d list, with the
constraint that no word would be primed by itself. The remaining
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one-fifth, or nine (9) of the 45 words were preceded (primed) by
neutral (non-word) stimuli randomly allocated from the non-word
list (shown in Appendix C ) , with the constraint that no non-word
appear more than once in any block.

3.5 Stimuli

Target words in the priming experiment were noun words chosen
from the Minnesota W o r d Association Norms (Jenkins, 1970).
Prime words for the three related prime conditions (category comember, functional associate and sensory associate) were high
associates of the target word (mean Association Rank 3.3; S D =
2.03; range = 1- 15; where 1 signifies the most highly associated
word to the target) according to the Minnesota W o r d Association
Norms (Jenkins, 1970).

The three related primes for each target

word were chosen to match closely in terms of their strengths of
association to the target word.

That is, for each target word the

three related prime words were found in consecutive (or near
consecutive) association ranks in the W o r d Association Norms.

For

example, the three types of related primes m a y have been ranked
one, two and three in the table of ranks of association to the target
word, or three, four and five, and so on.

Given the preset nature of the types of semantic association
between the target and the prime words (that is, a category comember, a functional associate and a sensory associate), variations
from the ideal of similar ranks of association necessarily occurred.
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The greatest discrepancies in association ranks across the three
related-prime conditions occurred with the target words "cheese"
("milk", association rank = 6; "mice", association rank = 2; "yellow",
association rank = 7) and "lion" ("tiger", association rank = 1; "roar",
association rank = 3; "mane", association rank = 15).

To ensure that overall mean strength of word association was not
significantly different across the three related-prime conditions,
the strengths of association of prime words across the three
related-prime conditions was matched as far as possible.

As a

result, for five of the 15 target words the highest associate was the
category co-member prime word (condition 1), for eight target
words the highest associate was the functional associate prime
word (condition 2), and for two target words the highest associate
was the sensory prime word (condition 3).

The resulting list of prime and target words, and their strength of
association rankings are presented in Table 1.

The m e a n word

association strength rank for the category co-member primes was
2.9 (SD = 1.91), for the functional associate primes was 2.6 (SD =
1.54), and for the sensory associate primes was 4.3 (SD = 3.35)
one-way repeated measures A N O V A

A

across the three related-

prime conditions found no significant difference in ranks of word
association across the three related conditions (F(28,2) = 2.12; p =
.14).

However, ranks of association were in the direction of target-

to-primes while the order of presentation in the experiment was
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Table

1

Target Words

and

Related Primes (Ranks of Association in parentheses*)

Prime Condition
Target

Category

Functional

Sensory

bath

tub (4)

clean (1)

water (2)

chair

table (1)

sit (2)

legs (3)

cheese

milk (6)

mice (2)

yellow (7)

foot

hand (2)

shoe (1)

toes (3)

king

queen (1)

ruler (6)

crown (3)

lion

tiger (1)

roar (3)

mane (15)

moon

earth (7)

night (3)

shine (5)

mountain

valley (4)

snow (3)

high (2)

needle

pin (2)

sew (4)

sharp (5)

ocean

sea (2)

water (1)

blue (3)

river

lake (3)

boat (5)

water (1)

soldier

sailor (2)

army (1)

man (3)

table

desk (3)

food (2)

top (4)

window

door (1)

glass (2)

pane (3)

woman

lady (5)

mother (4)

dress (6)

Mean Association Rank

2.9 (SD = 1.9)

2.6 (SD = 1.5)

4.3 (SD = 3.4)

•Minnesota Word Association Norms (Jenkins, 1970).
target-to-prime order.

prime-to-target.

Ranks of association given for

For this reason a pilot study w a s conducted to

investigate the balance of word association strength across the
three related-prime conditions for items presented in the primeto-target order.
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3.5.1

Pilot Study - Rated Strengths of Association Between Prime

and Target W o r d s

To further investigate the balance of word association strength
across the three related-prime conditions, a pilot study was
conducted.

Subjects in the pilot study were asked to rate on a

seven-point Likert scale the strength of association between pairs
of words, from 1 (weakly associated), to 7 (strongly associated).
Each target and prime pair appeared as they would in the priming
experiment, that is, the prime words preceded the target word, for
example "water-bath".

In order to control for order of

presentation of items, word pairs were listed in random order
throughout the questionnaire.

This principle was applied three

times to create three versions of the questionnaire, which were
randomly assigned to subjects in the pilot study.

Fourteen subjects (8 females, 6 males) with a mean age of 36.33
years (SD = 8.63; range = 25-49 years) completed the pilot
questionnaire.

A

one-way repeated measures A N O V A

across the

three related conditions (category co-ordinate, functional associate
and sensory associate) resulted in a significant difference between
rated strengths of association across the three conditions (F(26,2) =
5.20; p = .013).

Planned contrasts showed no significant difference

between rated strengths of association for the category co-member
prime condition (mean rating = 5.00; S D = .84) and the sensory
associate prime condition (mean rating = 5.08; S D = .54).

There

was a significant difference between these two conditions and the
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rated strengths of association in the functional associate prime
condition (mean rating = 5.51; S D = .53) (t = -3.21; p = .007).

The pilot study indicated that subjects' mean ratings of association
strength between target words and their functional associate
primes (e.g., "sit-chair") were significantly stronger than their
m e a n ratings of association strength between target words and
their category co-member primes (e.g., "table-chair") or their
sensory associate primes (e.g., "legs-chair").

The latter two

relationships were not found to be significantly different.

This

finding differed from that derived from the Minnesota W o r d
Association N o r m s (Jenkins, 1970), and indicated that the effect of
strengths of association would require consideration in
interpretations of subsequent results.

3.5.2 Neutral Primes

In order to estimate the relative contributions of facilitation
versus inhibition on priming effects, neutral primes, that is
orthographically correct non-words (e.g. "dirg") were included in
the experiment (see Appendix C ) . These were devised by the
experimenter and with the condition that each non-word be a
pronounceable letter string.

The degree to which the unrelated

prime word gives rise to longer reaction times than the neutral
prime can be used to estimate inhibition created by expectancy
generation, a subject-initiated strategy.

That is, if conditions are

such that a subject can generate an expectancy set from the prime
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word, it is thought that activation spreads to a broad set of
concepts, and the mis-match between the anticipated target(s) and
the actual target may, in fact, inhibit the processing of the actual
target word.

N o standard successful neutral prime emerges from a

review of the literature (Ober & Shenaut, 1995b).

Neutral primes

that have been used with both pronunciation and lexical decision
include strings of X X X X s , "blank", "ready", "neutral" and non-words.
Non-words were chosen in order to maintain continuity
throughout the presentation of stimuli, as it was considered that
this m a y minimise the probability of subjects becoming distracted
from the task.

3.6 Procedure

Subjects were seated at an IBM computer and instructed that pairs
of words would appear on the computer screen.

They were told to

ignore the first word of each pair and read the second word as
quickly as possible.

In order to clarify the task, the prime words

were presented in yellow type and the target words were
presented in white type.

A voice activated microphone had been

previously calibrated to respond to each subject's volume of
speech while saying numbers and words aloud.

The microphone

was attached to the serial port of the computer, and reaction time,
in milliseconds, was measured from the onset of the target word to
voice onset.

Subjects were given practice trials until both the

investigator and the subject felt confident that the task had been
understood.
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Following the sounding of a warning signal, a cross appeared in the
centre of the computer screen designating the point of visual focus.
Following the removal of the cross there was a 400 m s
interstimulus interval (ISI), then a prime word appeared for 34
m s (based upon a 17 m s screen refresh rate).

Following an ISI of

316 m s , a target or filler appeared in the centre of the screen.
This word remained on the screen until the microphone registered
voice onset, at which point the presentation would cease.
Following the removal of the target or filler word from the screen,
a 2000 m s delay preceded the onset of the next trial. All stimuli
were in lower case proportional Helvetica font, with letters 6 m m
to 9 m m high, and subjects were seated 40 c m from the screen.

All

stimuli were presented against a black background.

3.7 Data Analyses

The dependent variable in the semantic priming experiment was
reaction time, in milliseconds, as measured between target onset
and voice onset. Data for the control group on the priming
experiment were analysed using one-way repeated measures
Analysis of Variance ( A N O V A ) with prime type (category comember, functional associate, sensory associate and unrelated) as
the repeated measures factor.

Paired-samples t-tests with

Bonferonni adjustments (Tabachnick &

Fidell, 1989) were used in

order to test the null hypothesis of no significant differences
between prime-type conditions.

74

Data for individual A D subjects on both explicit neuropsychological
measures and the semantic priming experiment were inspected for
deviation from the control group according to standardised scores
(z-scores).

Such analyses were based upon principles of single-

case study design in cognitive neuropsychological research (e.g.,
Caramazza, 1986; Castles & Coltheart, 1996).

CHAPTER 4
RESULTS
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4.1

Control Group

Data is reported on 21 age and education matched control subjects.

4.1.1. Screening Tests

Control subjects obtained a mean score of 29.1/30 (SD = 1.09) on
the M M S E .

They scored a mean of 3.83 (SD = .75) words on the

initial trial of the seven word Reid M e m o r y Test, and attained a
mean total number of words across five trials of 29.18/35
(SD = 1.94). At a 20 minute delay, elderly controls recalled a mean
of 5.0 words (SD = 1.27), while on the delay recognition trial all
control subjects correctly recognised all 7 words.

All scores were

classified as normal according to age appropriate test norms
(Sunderland, et al., 1989; Reid et al, 1996; Tombaugh & Mclntyre,
1992), and hence it was considered that none of the 21 age and
education matched control subjects presented with significant
cognitive impairments.

4.1.2. Semantic Memory Tests

The control group scored a mean of 51.10/60 (SD = 4.24;
range = 41-58) on the Boston Naming Test. Scores for all control
subjects were within the normal range according to normative
data (Van Gorp, Satz, Kiersch & Henry, 1986).

76
The m e a n score for the control group on the Written-word-topicture Matching Test ( P A L P A subtest 48) was 39.95 (SD = 0.22).
N o control subject demonstrated difficulty on the Pyramids and
Palm Trees Test, with scores ranging from 50/52 to 52/52
(mean = 51.33; S D = 0.66) and all control subjects were classified in
the normal range on this test according to the test norms (Howard
&

Patterson, 1992).

The control group elicited a mean of 43.2 words (SD = 12.64) on
the letter fluency task of the Controlled Oral W o r d Association
Test.

Scores on this task ranged from 17 to 66, and all were within

the normal range according to normative data (Read, 1987).

The

mean number of items produced on the Animal-fluency task was
17.06 (SD = 4.35). All scores on this task, with the exception of
one, were within the normal range according to norms (Read,
1987).

O n e control subject obtained a z-score of -1.68 (p = .047)

based upon the age appropriate norms.

Data for this subject was

reviewed in order to ascertain their suitability for inclusion in the
normal control group.

The subject performed well on all other

cognitive tasks and there was no evidence in the history
suggesting potential neurological impairment.

It was considered

that the data for this subject could be included in further analyses.

4.1.3 Reading Tests

Control subjects showed a ceiling effect for the word reading test
( P A L P A subtest 53), with all controls attaining a score of 40/40.
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Control subjects obtained a mean score of 23.05/24 (SD = 2.09) on
the non-word reading task ( P A L P A subtest 36). Fourteen subjects
out of the 21 (66.67%) attained a perfect score on this measure.
O n the Spelling Sound Regularity test ( P A L P A subtest 35), 19
controls (90.4%) scored 60/60 (mean = 59.85; S D = 0.48). The
remaining two control subjects scored 58/60 and 59/60, and the
errors for each were confined to those words with irregular
spelling.

These measures suggest adequate functioning of both the

proposed lexical and the grapheme to phoneme conversion routes
to single-word reading in the control group.

Based upon the outcomes of the explicit neuropsychological tests,
no further exclusions were deemed necessary from the elderly
control group.

4.1.4 Semantic Priming - Preliminary Analyses

Missing data, that is, data that did not register on the microphone
or was missed for other reasons accounted for 7.5% of the priming
data for control subjects. A further 8.7% of the data were removed
according to the outlying criteria of two standard deviations from
the condition mean (Moss & Tyler, 1995).

Errors were defined as

either mispronunciations, errors in reading or "don't knows".

As

errors constituted only . 3 3 % of the data for the control group, no
further analyses of the error data were performed.
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The m e a n overall reaction time for the control group in the
priming experiment was 528.06 m s (SD = 60.63).

A significant

difference was found between the overall mean reaction time for
the three semantically-related prime conditions (522.97 m s ) and
the m e a n reaction time for the unrelated word condition
(532.26 m s ) (t(20) = 2.71; p = .013). Hence, it was considered that
significant overall semantic priming had occurred in the age and
education matched control group.

The use of subject-initiated strategies in priming tasks would
predict significantly longer reaction times in unrelated word
conditions (due to inhibition) than in neutral (non-word)
conditions.

This was not the case in the current experiment.

There was no significant difference between the mean reaction
times in the unrelated word condition (532.26 m s ) and the
non-word condition (539.12 m s ) (t(20) = -1.36; p = .189).
Therefore, the priming task was considered primarily automatic in
nature.

Subsequent analyses of priming effects were based upon

comparisons of related-prime conditions with the unrelated word
condition, as there was no significant difference between unrelated
and non-word conditions and the unrelated prime condition,
commonly used as a baseline, allowed for comparisons with other
research (e.g., Ober et al., 1991).

One aim of the experiment was to investigate the effects of
different types of semantic associations in A D subjects using a
semantic priming paradigm.

Therefore, it was considered
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important to view their performance on those target items which
showed overall facilitation by a related prime word in the control
group.

M o s s and Tyler (1995) have noted that it is necessary to

establish that the priming effects of interest are reliable for a
group of age matched control subjects prior to using the control
data as criteria against which the performances of patients can be
evaluated.

Priming effects should reach significance in analyses of

mean reaction times calculated over both subjects and materials.
Hence, an analysis across target words was considered important
in order to determine whether effects of priming were attributable
to all target items.

4.1.4.J Target-Word Analysis

Variance across the four prime conditions (category co-member,
functional associate, sensory associate and unrelated) for the
target words was analysed by entering the m e a n reaction times
for the four prime conditions for each target word into a one-way
repeated measures A N O V A .

This indicated a non-significant effect

of prime type (F(42) = .85; p = .475).

Paired sample t-tests with

Bonferroni adjustments (alpha .05/3 = .017) also demonstrated no
significant differences between the three related prime conditions
and the unrelated prime condition w h e n analysed by target words.

The data was inspected by viewing mean overall priming effects
for each target word, that is, the m e a n reaction time for each
target word in the related prime conditions subtracted from the
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m e a n reaction time for that word in the unrelated prime condition.
Positive overall priming effects were found for nine of the 15
target words (mean prime effect = 24.76 m s ; S D = 17.86;
range = 2.39 m s to 49.86 m s ) . The remaining six words showed
negative m e a n overall priming effects (mean prime effect = -15.77
ms; S D = 9.17; range = -4.26 m s to -27.83 ms). That is, for six of
the target words, the m e a n reaction times in the unrelated prime
condition were faster than in the related prime conditions.

A

single sample t-test indicated that the m e a n prime effect for these
six target words was significantly different from zero (t(20) = 7.8;
p < .001), indicating significantly negative priming 4 , as opposed to
merely an absence of priming.

An explanation for such effects is unclear. The negatively primed
target words in the current study did not differ significantly from
the positively primed target words in overall strength of
association to primes, according to either ranks of association from
the Minnesota W o r d Association N o r m s (t(43) = -.42; p = .68), or
the rated strengths of association from the pilot study
(t(17) = -.95; p = .36). Differences between the primes for the
negatively primed targets and those for the positively primed
targets on semantic association neighbourhood size were also
inspected (Edinburgh Associative Thesaurus, 1997).

Such an effect

would propose that a prime with a large association

The use of the term "negative priming" should not be confused with the effect found on a
"negative priming" task, a widely used task in which ignoring a distractor on a prime trial
generally impairs responses to that object on subsequent probe trials (see Fox, 1995 for a
review).
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neighbourhood size (i.e., the object or concept elicits associations to
m a n y other objects or concepts) would produce a broad spread of
activation.

Hence, either the resting potential of the target item

m a y not be raised sufficiently to facilitate access and/or activation
of other items m a y inhibit facilitation of the target. There was no
significant difference between the m e a n association
neighbourhood size of the primes which resulted in negative
priming (35.88; S D = 9.27) and that of the primes which resulted in
positive priming (39.56; S D = 10.22) (t(42) = -1.20; p = .24). This
suggests that differences in primes according to association
neighbourhood size did not explain the observation of both
negatively and positively primed targets.

Large negative priming effects have been previously observed in
normal subjects (Tipper, 1985), although this has been associated
with subjects being previously told to ignore a semantically
related item in a prime display.

In such a case, the effect has been

described as inhibition created by the ignored object, or episodic
retrieval of previously ignored distractors (Fox, 1995).

Clearly,

further investigation of negatively primed target items is required.
The positively primed target words and negatively primed target
words are presented in Appendix D.

Priming data for the six target words which showed negative
overall priming in the age and education matched control group
were removed in order to ensure a valid comparative data set.
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The following analyses are based upon data from the nine target
words which showed positive priming effects in the control group.

4.1.5 Semantic Priming in the Control Group

The mean reaction times for the nine positive-primed words in
each prime-type condition can be seen in Table 2.

Table 2
Mean Reaction Times (in ms, based on 9 target items) for Age and Education
Matched Controls
Prime Type
Category

Functional

Sensory

Unrelated

Non-word

M

500.90

505.75

515.09

527.28

529.69

SD

55.51

53.05

63.49

65.17

63.01

The difference between the means for the unrelated word
condition and the non-word condition for the nine target items
was not significant (t(20) = -.45; p = .656), supporting the finding
of a minimal contribution of the subject-initiated strategy of
expectancy generation using the 9 positively primed target words.
The exact contribution of facilitation versus inhibition on priming
effects was unable to be calculated for this experiment as the
mean reaction time for the non-word condition was greater than
the mean reaction time for the unrelated word condition (and all

83
related conditions), as has often been reported (e.g., Neely, 1991;
Moss & Tyler, 1995).

A repeated measures ANOVA across the four prime-type
conditions (category co-member, functional associate, sensory
associate and unrelated word) for the elderly control group
indicated a significant effect of prime type (F(60,3) = 8.02; p<.001).
Paired sample t-tests, with Bonferroni adjustments m a d e for three
comparisons (alpha .05/3 = .017; alpha .01/3 = .003), indicated
that reaction times were significantly faster relative to the
unrelated prime condition for category co-member primes
(t(20) = -4.45; p <.001), functional associate primes (t(20) = -3.46;
p = .002), and sensory associate primes (t(20) = -2.77; p = .012).

To investigate the difference between types of semantic
association in the age and education matched control group,
further analyses were performed comparing the means of the
three types of semantic associations.

Paired samples t-tests, with

Bonferroni adjustments m a d e for three comparisons
(alpha .05/3 = .017), indicated that differences between the mean
reaction times for the three conditions failed to reach significance.
(Category co-member and functional associate conditions
(t(20) = -.89; p = .383); category co-member and sensory associate
conditions (t(20) = -2.46; p = .023); functional associate and
sensory associate conditions (t(20) = -1.38; p = .184).
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Priming effect sizes were calculated by subtracting each subject's
mean reaction time in the unrelated word condition from that of
the relevant related-prime condition.

A s presented in Table 3, the

mean prime effect for the control group in the category comember condition was 32.81 m s (SD = 34.5), in the functional
associate condition was 27.15 m s (SD = 32.58), and in the sensory
associate condition was 15.67 m s (SD = 19.91).

Table 3
Mean Prime Effect Sizes (ms) for Age and Education Matched Controls
Prime Type
Category

Functional

Sensory

M

32.81

27.15

15.67

SD

34.50

32.58

19.91

Range

-38.88 - 83.88

-46.33 - 80.13

-29.44 - 48.33

Note. Prime Effect = R T unrelated condition - R T related condition

4.2. Single Case Analyses

AD subjects' scores were normalised with respect to the means and
standard deviations of the age and education matched control
group. Z-scores were viewed as significant if beyond a critical z of
1.64 for the explicit neuropsychological tasks. This was based
upon a one-tailed test of significance, as it was hypothesised that
A D subjects would perform more poorly than the control group.
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As both significant underpriming and hyperpriming have been
noted in AD patients in previous semantic priming research (Ober
& Shenaut, 1995a), a critical z of 1.96 was employed in the
priming experiment to attain a two-tailed test of the null
hypothesis.

Table 4
Scores on Explicit Tests for Alzheimer's Disease Subjects
Alzheimer's Disease Subjiset
Test

AD1

AD2

AD3

AD4

AD5

AD6

MMSE

15**

25**

24**

28

25**

23**

Clock Drawing

02**

03**

06**

06**

04**

06**

BNT

14**

50

27**

38**

28**

45

COWAT

08**

32

22*

46

15

26

Animal-Fluency

06**

10

1 1

15

12

15

Pyramids

26**

49**

51

48**

49**

51

Written-word-to-Picture

29**

40

40

40

40

40

Non-word Reading

15**

24

22

24

12**

23

Spelling Sound
Regularity

50**

60

54**

60

55**

60

Note.
M M S E = Mini Mental Status Examination; B N T = Boston Naming Test; C O W A T =
Controlled Oral word Association Test; Animal-Fluency = Animal category trial of
C O W A T ; Pyramids = Pyramids and Palm Trees Test; Written-word-to-Picture = P A L P A
Written-word-to-picture Matching (subtest 48); Non-word Reading = P A L P A Non-word
Reading Test (subtest 36); Spelling Sound Regularity = P A L P A Spelling Sound
Regularity Test (subtest 35).
*p<.05
**p<.01
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4.2.1

Alzheimer's Disease Subject 1

(ADD

AD1 was a 79 year old female with seven years of education. Her
age and number of years of education were not significantly
different from the control group, based upon two-tailed tests
(z = .86; p = .38; and z = -1.67; p = .09, respectively). A D 1 showed
significant impairment on the M M S E (score = 15/30; z = -12.92;
p<.0001), placing her within the moderate range of impairment
according to normative data (Tombaugh & Mclntyre, 1992).

Her

free drawing of a clockface scored 2/10, placing her significantly
below the mean score for the control group on this test (z = -7.33;
p<.0001).

As presented in Table 4, AD1 displayed significant impairment in
the processing of irregular words on the Spelling Sound Regularity
Test ( P A L P A subtest 35) with a score of 50/60 (z = -20.62;
p<.0001).

Six of the ten errors on this task were regularisation

errors on irregular words.

Her score of 15/24 on the Non-word

Reading test ( P A L P A subtest 36) was also significantly below the
mean for the elderly control group (z = -3.85; p<.0001).

These

results indicated some impairment in both the grapheme to
phoneme conversion route and the lexical route to single word
reading.

When given simple word reading, her score of 39/40 on the
P A L P A Reading Test (subtest 53) suggested that A D 1 had

87
adequate skills to perform the on-line semantic priming
experiment.

4.2.1.J Semantic Memory API

As seen in Table 4, AD1 showed significant impairment on tests
measuring semantic memory in comparison to the control group.
She achieved a score of 14/60 on the Boston Naming Test
(z = -8.74; p<.0001), indicating significant impairment in
comparison to the control group.

Her ability to perform Written-

word-to-picture Matching ( P A L P A subtest 48) was significantly
impaired, with a score of 29/40 (z = -50.24; p<.0001), as was her
score of 26/52 on the Pyramids and Palm Trees test (z = -38.5 ;
p<.0001). She was able to elicit only 8 words in total on the
Controlled Oral W o r d Association Test (z = -2.78; p=.003) and 6
animal names on the Animal-fluency test (z = -2.54; p=.005), both
indicating impairment in comparison to the control group.

Scores

on explicit tests for all A D subjects are illustrated in Figure 2.

4.2.1.ii. Semantic Priming API

Invalid responses, that is, responses that did not register on the
microphone or were missed because of other reasons, accounted
for 1.3% of the data and were removed for the purposes of
analyses.

The data were also cleared of outlying data points using

a criteria of two standard deviations from the condition mean
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(Moss & Tyler, 1995). In this way, a further 6.6% of the data was
removed.

AD1 showed an overall mean reading response time of 834.45 ms
(SD = 79.77) on the pronunciation semantic priming experiment.
This was significantly slower than the overall m e a n for the control
group (z = 5.00; p<.001). Her mean reaction times in each condition
can be seen in Appendix E.

Prime effect sizes (with respect to the unrelated word condition)
indicated that the strength of the priming effects for A D 1 in all
three related priming conditions were not significantly different
from those found in the control group based upon the two-tailed
test. This suggested that A D 1 displayed a similar pattern of
semantic priming to the age and education matched control group
in each of the three types of semantic relationships. A s can be
seen in Table 5, the prime effect size for the category co-member
condition was -27.00 m s (z = -1.73; p = .08), indicating that ADl's
mean reaction time in the unrelated condition was faster than in
the related-prime condition, although the difference did not reach
statistical significance.

Facilitation was evident in the functional

associate condition and the sensory associate condition, with prime
effect sizes of 16.00 m s (z = -.34; p = .74) and 43.4 m s (z = 1.39;
p = .16), respectively.

Overall, the results for AD1 indicate impairment on both explicit
tests of semantic memory, and alternative routes to single word
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reading, with semantic priming effects that were not significantly
different from the age and education matched control group.

Table 5
Mean Prime Effect Sizes (ms) for Alzheimer's Disease Subjects (SD in
parentheses)
Prime Type
Subject

Category

Functional

Sensory

AD1

-27.00 (91.09)

16.00 (101.01)

43.40 (146.59)

AD2

-37.00* (76.13)

-17.88 (58.06)

-23.57* (51.53)

AD3

37.71 (34.51)

16.50 (51.97)

-4.57 (109.73)

AD4

-32.67 (76.92)

-17.67 (70.13)

-32.89** (61.52)

AD5

182.4** (449.91)

-21.60 (266.26)

177.4** (270.26)

AD6

-4.38 (43.09)

-35.88 (105.05)

12.88 (68.48)

Note. Prime Effect = R T unrelated condition - R T related condition
*p<.05
**p<.01

4.2.2 Alzheimer's Disease Subject 2 (AD2)

AD2 was a 72 year old male with 13 years of education. This
subject was not significantly different from the control group in
age (z = -.44; p = .66), or years of education (z = 1.84; p = .09),
based upon two-tailed tests. As presented in Table 4, he showed
significant impairment on the MMSE in comparison to the control
group, with a score of 25/30 (z = -3.75; p<.001), however he would
be classified unimpaired according to normative data (Tombaugh
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& Mclntyre, 1992).

His score of 3/10 on the clock drawing task

was significantly poorer than the mean for the age and education
matched control group (z = -6.30; p<.001).

He attained perfect scores on the Spelling Sound Regularity Test
(60/60; z = 0.28; p>.38) ( P A L P A subtest 35) and the Non-word
Reading test (24/24; z = 0.49; p=.31) ( P A L P A subtest 36),
suggesting adequate functioning of the orthographic lexical route
and the grapheme to phoneme conversion route to single-word
reading.

It was considered that AD2 would have adequate reading skills to
perform the on-line priming experiment as he attained a score of
40/40 on the reading test ( P A L P A subtest 53).

4.2.2.J Semantic Memory AD2

AD2's score of 49/52 on the Pyramids and Palm Trees test was
found to be significantly poorer than the control group (z = -3.55;
p = .0002), suggesting difficulty determining associations between
objects in a forced choice paradigm.

A D 2 did not display

significant impairment on other explicit tests of semantic memory.
H e achieved a score of 50/60 on the Boston Naming Test (z = -0.26;
p = .49), and was not found to be significantly different from the
control group on the Controlled Oral W o r d Association test, eliciting
32 words in total on this task (z = -0.89; p = .18). His production of
10 animal names approached an impairment level (z = -1.62 ;
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p = .053) on the Animal-fluency test. H e performed at the ceiling
level (40/40) on the Written-word-to-picture Matching task
( P A L P A subtest 48) (z = 0.19; p>.38).

4.2.2.ii. Semantic Priming AD2

The priming data for AD2 were cleared of outlying data points
using a criteria of two standard deviations from the condition
mean (Moss & Tyler, 1995).

Data removed in this w a y accounted

for 6.6% of the data. N o other data was removed.

AD2 showed an overall mean reading response time of 564.54 ms
(SD = 44.3) on the priming task. This was not significantly
different from the overall m e a n for the control group (z = 0.75;
p = .23).

His m e a n reaction times are presented in Appendix E.

As illustrated in Table 5, AD2 showed a negative priming effect for
all related-prime conditions.

The magnitude of the effect in the

functional associate condition (-17.88 m s ) was not significantly
different from that found in the elderly control group based upon
the two-tailed test (z = -1.38; p = .16).

The prime effect sizes in

both the category co-member condition (-37.0 m s ) and the sensory
associate condition (-23.57 m s ) were significantly different from
the control group (z = -2.02; p = .04 and z = -1.97; p = .05,
respectively), indicating a significantly faster reaction time in the
unrelated word condition than either the category co-member
condition or the sensory associate condition.
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Overall, data for A D 2 indicated some impairment on explicit
semantic m e m o r y tests (1 out of 5 tests), significant impairment in
category co-member and sensory associate priming, and negative,
although non-significant, priming in the functional associate
condition.

4.2.3. Alzheimer's Disease Subject 3 (AD3)

AD3 was a 68 year old male with 10 years of education. These
variables did not differ significantly from the means for the
control group (z = -1.18; p = .24 and z = .08; p = .98, respectively).
He was significantly impaired on the M M S E in comparison to
controls, achieving a score of 24/30 (z = -4.67; p<.001), however he
would be classified as unimpaired according to normative data
(Tombaugh & Mclntyre, 1992).

His clock drawing score of 6/10

was significantly poorer than the age and education matched
control group (z = -3.20; p = .001).

AD3 scored 54/60 on the Spelling Sound Regularity Test (PALPA
subtest 35), a performance that was significantly poorer than
controls (z = -12.25; p<001).

His errors on this task were confined

to regularisation errors on irregular words.

His score of 22/24 on

the Non-word Reading test ( P A L P A subtest 36) was not
significantly different from the control group (z = -0.50; p = .31).
It was considered that A D 3 showed difficulty with the
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orthographic lexical route to single-word reading, although he
displayed intact grapheme to phoneme conversion.

It was considered that AD3 would have adequate reading skills to
perform the on-line semantic priming experiment as he scored
40/40 on the reading test ( P A L P A subtest 53).

4.2.3.J Semantic Memory AD3

As shown in Table 4, AD3 was significantly impaired on the Boston
Naming Test, achieving a score of 27/60 (z = -5.68; p<.0001). His
score of 22 on the letter fluency trial of the Controlled Oral W o r d
Association test was significantly lower than the mean for the
control group (z = -1.68; p = .05), although he was not significantly
impaired in the elicitation of animal names, gaining a score of 11
(z = -1.39; p = .08). His score of 51/52 on the Pyramids and Palm
Trees test was also not significantly different from the age and
education matched control group (z = -.51; p = .31), and he
performed at the ceiling level (40/40) on the Written-word-topicture Matching task ( P A L P A subtest 48) (z = 0.22; p = .41).

4.2.3.ii Semantic Priming AD3

Invalid responses accounted for 5.3% of the data. Data was also
cleared of scores beyond two standard deviations from the
condition mean.
of the data.

This accounted for the removal of a further 2.7%
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A D 3 showed an overall mean reading response time of 509.32 m s
(SD = 41.85) on the semantic priming task. This was not
significantly different from the overall mean for the control group
(z = -0.31; p = .38).

His mean reaction times are presented in

Appendix E.

In comparison to the unrelated word condition, AD3 showed
positive priming effects for the category co-member condition
(37.71 m s ) and the functional associate condition (16.50 m s ) , and a
small negative priming effect for the sensory associate condition
(-4.57 ms), as shown in Table 5.

These priming effects were not

significantly different from those in the control group, with
z-scores of .41 (p = .88), -.32 (p = .74) and -1.02 (p = .30),
respectively.

This suggests that A D 3 displayed priming effects

comparable to those seen in the elderly control group for the three
types of semantic associates.

Overall, AD3 showed some impairment on explicit tests of semantic
memory (2 out of 5 tests), and the lexical route to reading. His
semantic priming effects were not significantly different from the
control group in any prime-type condition.

4.2.4 Alzheimer's Disease Subject 4 (AD4)

AD4 was a 73 year old female with 12 years of education. Neither
demographic variable differed significantly from the means for the
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control group (z = -.26; p = .80 and z = 1.25; p = .22, respectively).
She did not perform significantly differently from the elderly
control group on the M M S E , achieving a score of 28/30 (z = -1.00;
p = .16), however, her clock-drawing score of 6/10 was
significantly impaired (z = -3.20; p = .0007).

She attained a score of 60/60 on the Spelling Sound Regularity
Test ( P A L P A subtest 35) (z = 0.30; p = .38), and a score of 24/24
on the Non-word Reading task ( P A L P A subtest 36) (z = 0.47;
p = .32), suggesting no difficulty with either the orthographic
lexical or the grapheme to phoneme conversion routes to
single-word reading.

It was considered that AD4 would have adequate reading skills to
perform the on-line semantic priming experiment, having
achieved a score of 40/40 on the reading test ( P A L P A subtest 53).

4.2.4.J Semantic Memory AD4

AD4 showed significant impairment on the Boston Naming Test,
achieving a score of 38/60 on this test (z = -3.09; p = .001), and
her score of 48/52 on the Pyramids and Palm Trees test was
significantly poorer than the control group (z = -5.07; p<.001).
AD4's score of 46 words on the Controlled Oral W o r d Association
test was not significantly impaired (z = .22; p = .41), and she
elicited 15 animal names on the Animal-fluency task, also placing
her within the normal range in comparison to the control group
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(z = -0.47; p = .32). She performed at the ceiling level (40/40) on
the Written-word-to-picture Matching task ( P A L P A subtest 48)
(z = 0.22; p = .41). Her scores on explicit tests are presented in
Table 4.

4.2.4.ii Semantic Priming AD4

AD4 produced no invalid responses in the priming study. The data
were cleared of scores lying beyond two standard deviations of
her mean scores within conditions. Data removed in this way
accounted for 2.7% of the data.

She showed an overall mean reading response time of 455.65 ms
(SD = 38.91) on the semantic priming task. This was not
significantly different from the overall mean for the control group
(z = -1.19; p = .12). Her mean reaction times are shown in
Appendix E.

As illustrated in Table 5, AD4 showed negative priming effects for
all conditions. The prime effect size for the functional associate
condition (-17.67 m s ) was not significantly different from the
mean for the control group (z = -1.38; p = .16). The prime effect in
the category co-member condition (-32.67 m s ) approached
significance in comparison to the mean for that condition in the
control group (z = -1.90; p = .06), while the prime effect size in the
sensory associate condition (-32.89 m s ) was significantly different
from the mean for the control group (z = -2.44; p = .01).
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Overall, A D 4 indicated some impairment on explicit tests of
semantic m e m o r y (2 out of 5 tests), negative priming which
approached significance in the category co-member condition, and
significantly reduced priming in the sensory associate condition.

4.2.5 Alzheimer's Disease Subject 5 (AD5)

AD5 was a 72 year old female with 9 years of education. These
variables were not significantly different from the means for the
control group (z = -.44; p = .66 and z = -.50; p = .62, respectively).
Her score of 25/30 on the M M S E was significantly lower than the
control group (z = -3.75; p<.001), however it would be classified as
unimpaired according to norms (Tombaugh & Mclntyre, 1992).
Her clock drawing score of 4/10 was significantly impaired in
comparison to the control group (z = -5.27; p<.001).

Her score of 55/60 on the Spelling Sound Regularity Test (PALPA
subtest 35) suggested significant difficulty with irregular word
reading (z = -10.16; p<.001), with all errors confined to
regularisation errors on irregular words.

She attained a score of

12/24 on the non-word reading task ( P A L P A subtest 36), also
indicating significant impairment in comparison to the elderly
control group (z = -5.30; p<.001).

These results suggested

difficulties with both the orthographic lexical and the grapheme to
phoneme conversion routes to single-word reading.
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It was considered that A D 5 had adequate reading skills to perform
the on-line semantic priming experiment, gaining a score of 40/40
on the reading test ( P A L P A subtest 53).

4.2.5.J Semantic Memory AD5

AD5 showed significant impairment on the Boston Naming Test,
achieving a score of 28/60 on this test (z = -5.44; p<.001). Her
elicitation of 15 words on the letter fluency trial of the Controlled
Oral W o r d Association test was significantly lower than the mean
for the control group (z = -2.23; p = .01), while she elicited 12
animal names, placing her within the normal range (z = -1.16;
p = .12) on the Animal-fluency task. Her score of 49/52 on the
Pyramids and Palm Trees test was significantly poorer than the
control group (z = -3.55; p = .0002). She performed at the ceiling
level (40/40) on the Written-word-to-picture Matching task
(PALPA subtest 48) (z = 0.22; p = .41). Scores for explicit tests are
presented in Table 4.

4.2.5.ii Semantic Priming AD5

AD5 produced 14.6% invalid responses in the priming study.
These data points were removed from the analysis. The data were
also cleared of scores lying beyond two standard deviations of her
mean scores within conditions. Data removed in this way
accounted for a further 2.7% of the data.
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She showed an overall mean reading response time of 1287.80 m s
(SD = 92.07) on the priming task. This was significantly slower
than the overall means for the control group (z = 12.53; p<.001).
Her mean reaction times in each condition are presented in
Appendix E.

As illustrated in Table 5, in comparison to the unrelated word
condition, A D 5 showed large positive priming effects for the
category co-member (182.4 m s ) and the sensory associate
conditions (177.4 ms). The z scores for the priming effects in the
category co-member condition (z = 4.32; p<.0002) and the sensory
associate condition (z = 8.12; p<.0002) were highly significant,
indicating hyperpriming in these two conditions. The size of the
priming effect for the functional associate condition (-21.6 m s ) was
not significantly different from that for the age and education
matched control group (z = -1.50; p = .14).

Overall, AD5 showed impairment on explicit tests of semantic
memory (3 out of 5 tests), and on both lexical and grapheme to
phoneme conversion routes to reading, with significant
hyperpriming in both the category co-member and the sensory
associate prime-type conditions.

4.2.6 Alzheimer's Disease Subject 6 (AD6)

AD6 was a 69 year old female with 12 years of education. These
demographic variables were not significantly different from the
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means for the control group (z = -1.00; p = .32 and z = 1.25; p = .22,
respectively).

She was significantly impaired on the M M S E , having

achieved a score of 23/30 (z = -5.59; p<.0001). Her clock drawing
score of 6/10 indicated significant impairment (z = -3.20;
p = .0007).

AD6 scored 60/60 on the Spelling Sound Regularity Test (PALPA
subtest 35) suggesting no impairment in irregular word reading
(z = 0.30; p = .38). Her score of 23/24 on the Non-word Reading
test ( P A L P A subtest 36) was also not significantly different from
the mean for the control group (z = -.02; p = .49). These scores
suggested intact processing through both the orthographic lexical
and the grapheme to phoneme conversion routes of single-word
reading.

It was considered that AD6 had adequate reading skills to perform
the on-line priming experiment, given her score of 40/40 on the
reading test ( P A L P A subtest 53).

4.2.6.J Semantic Memory AD6

AD6 showed no significant impairment on explicit tests of semantic
memory.

She achieved a score of 45/60 on the Boston Naming

Test (z = -1.43; p = .08). Her score of 26 words on the letter
fluency trial of Controlled Oral W o r d Association test was poorer
than all but one control subject, however did not reach statistical
significance in comparison to the mean for the control group
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(z = -1.36; p = .09). She was not significantly impaired in the
elicitation of animal names, gaining a score of 15 (z = -0.47;
p = .32), and her score of 51/52 on the Pyramids and Palm Trees
test was also not significantly different from the mean for the
control group (z = -0.51; p = .31). She performed at the ceiling
level (40/40) on the Written-word-to-picture Matching task
( P A L P A subtest 48) (z = 0.22; p = .41). Her scores are presented in
Table 4.

4.2.6.ii Semantic Priming AD6

Invalid responses, which accounted for 4% of the data, were
removed from analyses. Data was also cleared of scores beyond
two standard deviations from the condition mean.

This accounted

for removal of a further 4 % of the data.

AD6 showed an overall mean reading response time of 566.04 ms
(SD = 55.12) on the priming task. This was not significantly
different from the overall mean for the control group (z = 0.63;
p = .26). Her mean reaction times in each condition are shown in
Appendix E.

In comparison to the unrelated word condition, AD6 showed a
negative priming effect for the category co-member (-4.38 m s )
and for the functional associate condition (-35.88 ms). Although
the effect size in the category co-member condition was not
significantly different from the control group (z = -1.08; p = .28),
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the effect size in the functional associate condition did approach
significance (z = -1.93; p = .06). A D 6 showed a positive priming
effect for the sensory associate conditions (12.88 m s ) which was
not significantly different from the control group (z = -.14; p = .88).
These results are presented in Table 5.

In summary, AD6 showed minimal impairment on explicit tests of
semantic memory, with a negative priming effect in the functional
associate condition which approached significance.

4.3 Semantic Priming in Alzheimer's Disease

As illustrated in Figure 3, in comparison to the age and education
matched control group, A D 5 displayed significant hyperpriming
effects in both the category co-member condition (z = 4.43; p<.001)
and the sensory associate condition (z = 8.12; p<.001).

Although

A D 5 displayed a negative priming effect in the functional associate
condition, the magnitude of this effect was not significantly
different from that found in the elderly control group (z = -1.50;
p = .14).

It was considered that A P 5 showed impaired priming in

the category co-member and sensory associate conditions.

Priming

in the functional associate condition was not significantly different
from controls.

A second AP subject (AP2) also displayed significantly impaired
priming in the category co-member condition (z = -2.02; p = .04),
while priming effects for a third subject ( A P 4 ) also approached
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• Category
• Functional
• Sensory

AD1

AD2

AD3

AD4

AD5

AD6

Alzheimer's Disease Subject

Figure 3. Prime Effect Sizes in Alzheimer's Disease Subjects (z-scores)
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significance in this condition (z = -1.90; p = .06). Both subjects
( A P 2 and A P 4 ) also displayed significant underpriming in the
sensory associate condition (z = -1.97; p = .04 and z = -2.44; p = .01,
respectively), while their priming effects in the functional
associate condition, although negative, were not significantly
different from that found in the control group (z = -1.38; p = .16,
for both A P 2 and A P 4 ) . Although A P 2 and A P 4 displayed a
similar pattern of priming to A P 5 , they also showed an overall
negative trend of priming effects, and hence the presence of
dissociation between types of semantic relationships was not as
strongly supported as that observed in subject A P 5 .

In summary,

however, three of the six A P subjects shared relatively impaired
category co-member and sensory associate priming, with
functional associate priming which was not significantly different
from controls, although this interpretation was tentative for two of
those subjects.

In contrast, AP6 showed priming effects comparable to those seen
in the control group for both the category co-member condition
(z = -1.08; p = .28) and the sensory associate condition (z = -.14;
p = .88), although showed reduced priming in the functional
associate condition, with a z-score which approached significance
in the two-tailed test (z = -1.93; p = .06). Subject A P 6 displayed a
pattern of priming effects which m a y be considered to constitute a
double dissociation from that observed in A P 5 .

This result also

suggested that the different patterns of priming across prime-type
conditions observed in subjects A P 2 , A P 4 and A P 5 were not
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simply due to different levels of task difficulty or task demands
across those conditions.

4.3.1 Individual Analyses of Variance

A repeated measures ANOVA was conducted separately for each
A P subject in order to further explore the variance across the four
prime-type conditions.

Although the application of such a

procedure on individual case data is a violation of the assumption
of independent samples of the A N O V A statistic, it was used as an
exploratory tool for the convergent verification of any statistically
significant effects. The reaction times for the nine target items in
each of the four conditions were entered for each subject in the
individual analyses.

The main effect of condition for AP5 was significant
(F(24,3) = 3.58; p = .029).

T o inspect further the difference

between the three types of semantic relationships, comparisons
between the m e a n reaction times for the three related prime
conditions using paired samples t-tests with Bonferroni
adjustments (alpha .05/3 = .017) were conducted.

The data for

subject A P 5 showed a significant difference between the category
co-member condition and the functional associate condition
(t(8) = -3.23; p = .012), and between the functional associate
condition and the sensory associate condition (t(8) = 3.05;
p = .016).
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Analyses of the variance across the four priming conditions for
subjects A P 2 , A P 4 and A P 6 were not significant (F(24,3) = .61;
p = .61; F(24,3) = 1.26; p = .311; and F(24,3) = 1.89; p = .157,
respectively).

The difference between the m e a n reaction time for

the functional associate condition and the sensory associate
condition for A P 6 was of interest given the dissociation evident
using the method of z-score analysis.

The paired samples t-test in

this case was not significant after Bonferroni adjustment
(t(8) = 2.18; p = .06). The main effect of condition for the
remaining two A P subjects, A P I and A P 3 , did not reach
significance (F(24,3) = .28; p = .84; F(24,3) = .73; p = .55,
respectively), and no other significant differences between any of
the related prime conditions were found.

The results of the individual ANOVAs and adjusted t-tests
provided converging evidence of dissociation between types of
semantic relationships in one subject, A P 5 , although did not
support the proposal of a double dissociation between the
functional associate and the sensory associate conditions, as was
found for subject A P 6 using the method of z-score analysis.

The

violations of the assumptions of the A N O V A test in this situation
suggest that these results should be interpreted with caution, and
considerably reduced power should be assumed given the small
number of stimuli entered into each analysis.
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4.3.2

Comparison with Control Subjects

Inspection of the age and education matched control data was
performed in order to determine the uniqueness of the
observations of dissociation between types of semantic
associations m a d e in the A P patients. Claims that a specific
pattern of cognitive deficits is associated with a particular disease
cannot be m a d e if the same pattern of deficits can be seen in
normal subjects (Moss & Tyler, 1995).

Pata for two of the 21 elderly control subjects were identified as
containing priming effect scores beyond the critical z of 1.96.

One

control subject showed priming effect sizes of -38.88 m s (z = -2.08;
p = .02), -46.33 m s (z = -2.26; p = .01) and -9.63 m s (z = -1.27;
p = .10) for category co-member, functional associate and sensory
associate conditions, respectively.

These data are consistent with

significantly negative priming effects in the category co-member
and functional associate conditions, and a negative, although nonsignificant, priming effect in the sensory associate condition.
Review of demographic information indicated that this control
subject was a speaker of English as a second language, although
had resided in an English speaking country for 46 years.
Inspection of the explicit test data for this subject indicated a
significantly lower score (41/60) on the Boston Naming Test than
the mean for the elderly control group (z = -2.30; p = .01), and this
subject had the lowest score of controls on the test of irregular
word reading ( P A L P A subtest 35), suggesting some difficulty in
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naming and irregular word reading.

N o other anomalies were

noted.

Another control subject was found to have priming effects of 45.5
m s (z = .37; p = .36), 30.67 m s (z = .11; p = .46) and -29.44 m s
(z = -2.27; p = .01) for the category co-member, functional
associate and sensory associate conditions, respectively.

This

indicated a significantly lower priming effect in the sensory
associate condition with respect to the m e a n for the control group.
Review of k n o w n demographic variables revealed no reported
history of hypertension, C V A

or other neurological problems.

Inspection of the explicit tests indicated performance within
normal

parameters.

Hence, two of the 21 control subjects, or 9.5% of the control group,
indicated abnormal priming effects in at least one semantic
association condition.

In a normal distribution it is expected that

5 % of the sample will fall beyond a z-score of 1.96, suggesting a
slightly larger proportion than expected.

However, 9.5% contrasts

greatly with three out of six of the A P subjects (50%) showing
significantly impaired semantic priming.

The pattern of impaired

priming effects in the control subjects identified, namely impaired
category co-member and functional associate priming in one, and
impaired sensory associate priming in another, were considered
inconsistent with those found in the A P patient group.

Hence it

was considered that the priming effects seen in the A P subjects,
namely dissociations between category and functional semantic
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knowledge, and between functional and sensory semantic
knowledge, were not clearly mimicked in any of the control
subjects.

CHAPTER 5
DISCUSSION

Ill
The study aimed to investigate the reported semantic m e m o r y
difficulties in A P patients using both explicit neuropsychological
tests and an on-line paired pronunciation semantic priming
experiment.

The study employed a series of single-case studies to

elucidate the nature of the observed semantic m e m o r y difficulties
in A P .

The design of the priming experiment specified parameters

which minimised the possible contribution of subject-initiated
strategies, namely expectancy generation and postlexical matching
(Neely, 1991).

The neuropsychological tests were included to

explore the integrity of various cognitive processing routes
theoretically associated with the semantic priming task (Morton

&

Patterson, 1980).

5.1 Explicit Semantic Memory Tests

All six AP subjects were significantly impaired on at least one
explicit task proposed to measure input to, or output from,
semantic m e m o r y (Hodges, Salmon, et al., 1992, Kay et al., 1992,
Howard & Patterson, 1992).

Four out of the six AP subjects (API, AP3, AP4, AP5) were
significantly poorer than the elderly control group on the Boston
Naming Test, indicating poor object naming abilities (visual object
recognition to phonological output).

This suggested that the Boston

Naming Test was a sensitive measure, in the present group, of
mildly impaired A P patients. The scores for the four patients were
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also below the suggested cut-off scores in published norms for
elderly subjects (Van Gorp et al., 1986).

In contrast, five of the six patients (AP2, AP3, AP4, AP5, AP6)
performed well on the Written-word-to-picture Matching test,
indicating relatively intact processing of semantic m e m o r y through
the orthographic input and visual object recognition routes, at least
for those items in the test, and with little demand placed upon
other cognitive processes, such as phonological output.

This m a y

indicate a greater degree of impairment in the phonological output
stage of processing in comparison to comprehension of items in A P
patients, although item-to-item correspondence, or matching
according to item frequency between these two tests would be
required to test this contention.

Four of the six AP patients (API, AP2, AP4, AP5) were
significantly poorer on the Pyramids and Palm Trees test than the
elderly control group.

This suggested that the non-verbal forced-

choice test of semantic associations was sensitive to impairment in
a group of mild A P patients, and is also likely to be a more
demanding task than written-word-to-picture matching.

O f these

four patients, only A P I performed below the level recommended
by norms (Howard & Patterson, 1992).

This suggested that the

present sample of elderly control subjects m a y have performed at
a higher level than those assessed by Howard and Patterson
(1992).
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Three of the six patients (API, A P 3 , A P 5 ) were significantly
impaired on the letter fluency trial of the Controlled Oral W o r d
Association test in comparison to the control group.

O f these

patients, only A P I fell below the recommended cutoff in the
elderly norms (Read, 1987).

This suggested that the present age

and education matched control group m a y have performed at a
higher level than the group of subjects on which the test was
normed (Read, 1987).

In contrast to the lexical-rule fluency task,

only one of the subjects ( A P I ) was impaired on the Animalfluency task in comparison to the elderly control group.

This

patient was also below the recommended cutoff score given in the
Read (1987) norms.

Other researchers have found greater relative decline in category
fluency than letter fluency in A P subjects (Hart, Kwentus, Taylor &
Hamer, 1988; Hodges et al., 1990).

However, with patients in early

stages of the disease, Hodges et al. (1990) reported that category
and letter fluency were not significantly different.

The present

results suggest that, in the mild stages of A P , letter-fluency m a y
be relatively more impaired than category fluency, however this
clearly requires further investigation.

Such findings m a y have

implications for the relative strength of semantic versus lexical
output processing in early A P .

That is, directing a search through

semantic m e m o r y m a y be relatively less demanding than a search
through orthographic lexical modules for these patients.

This

would also be consistent with the earlier suggestion of relatively
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greater impairment in phonological output than semantic m e m o r y
in at least some A P subjects.

The finding of heterogeneity in performance on explicit semantic
memory tasks in a group of mild A P is consistent with the findings
of Hodges and Patterson (1995), w h o reported considerable
variation across mild stage A P subjects in their performance on
semantic m e m o r y tasks.

5.2 The Grapheme to Phoneme Conversion Route and the Lexical
Route to Single W o r d Reading

Two patients out of the six (API, AP5) showed impairment in
comparison to the elderly control group on non-word reading,
suggesting some difficulty with the grapheme to phoneme
conversion route of single word processing.

Three patients (API,

A P 3 , A D 5 ) demonstrated significantly lower scores than the
control group on the irregular word reading task, suggesting some
difficulty with the lexical route of single word reading.

This

difficulty m a y be at the stage of phonological output, at least for
A D 3 and A D 5 , given their relatively good performance on writtenword-to-picture matching, although the lack of a one-to-one
correspondence of items precludes identification of a clear locus of
impairment.

Observed difficulties in irregular word and non-word reading in
A D is consistent with other studies (Aarsland, Larsen & Hoien,
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1993; Friedman, Ferguson, Robinson & Sunderland, 1992).
Patterson et al. (1994) also reported that these impairments were
related to disease severity, a hypothesis that was not tested in the
current study.

However, the finding that three out of six patients

displayed no such difficulties appears to support their suggestion,
and would reflect the present study's subject selection criterion of
early stage A D patients.

5.3 Single Case Analyses

Marked heterogeneity was noted in test performance across the
six A D subjects.

Both hyperpriming and significant underpriming

was noted in A D subjects, supporting the contention that some
aspects of semantic m e m o r y are impaired in the disorder.

The

results also showed dissociation between types of semantic
associations.

5.3.1 Dissociation Between Types of Semantic Relationships in
Alzheimer's Disease

Dissociations were observed between category co-member priming
and functional associate priming, and between functional associate
priming and sensory associate priming in the A D subjects tested.

Three of the six AD subjects showed significantly abnormal
priming effects in both the category co-member and sensory
associate prime conditions in comparison to the age and education
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matched control group.

Each of these subjects showed priming in

the functional associate prime condition which was not
significantly different from the control group.

The case for such results constituting a dissociation for two of the
subjects ( A D 2 and A D 4 ) , is unclear given that both showed a trend
towards overall negative priming effects across the three related
prime conditions.

A N O V A s conducted on each subject's data also

found no significant variance across the priming conditions.

However, subject AD5 displayed clear dissociation between
priming conditions, with highly significant hyperpriming in both
the category co-member condition and the sensory associate
condition, and a negative although non-significant prime effect in
the functional associate condition.

AD6, in contrast, was considered to show underpriming in the
functional associate condition which approached significance (z = 1.93), although she displayed sensory associate priming which was
close to the mean for the control group. Given the data for A D 5
and A D 6 , a double dissociation between functional associate and
sensory associate knowledge m a y be tentatively considered, and
implies the need to consider different types of semantic
relationships in future studies in A D .

These results suggest that

different types of semantic information can be selectively
impaired in patients with A D , and that subgroups of patients with
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A D m a y be identified by the pattern of breakdown in semantic
memory.

Such an interpretation remains tentative given the overall
negative trend for all prime conditions for A D 6 , and exploratory
analysis using repeated measures A N O V A
varied from these interpretations.

produced results which

A s a result of this, a double

dissociation between functional semantics and sensory semantics
is no longer a valid interpretation, however an interpretation of a
single dissociation is supported.

The author acknowledges that

interpretation in terms of a double dissociation is inconsistent with
findings of individual A N O V A s , and must therefore remain
tentative.

However, it was considered that the repeated measures

A N O V A with nine items in each condition was of considerably
reduced power and hence small effects m a y have been masked.
Further, inspection of data through standardised scores is
currently consistent with other research within cognitive
neuropsychological literature (e.g., Castles & Coltheart, 1996).

Such

discrepancies between analyses highlight areas for future
consideration.

The finding of dissociation between different types of semantic
knowledge provides greater understanding of the semantic
memory impairment in A D .

This has not been investigated

systematically in previous research of A D patients using a
paradigm maximising relatively automatic access to semantic
memory, namely semantic priming.

Other priming studies have
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used prime-target relationships derived from word association
norms not specified according to type of semantic relationship
(e.g., Albert & Milberg, 1989; Chertkow et al., 1989), or belonging
to the same superordinate category (e.g., Glosser & Friedman,
1991; Ober et al., 1991).

For example, Ober et al. (1991) used AD patients in both lexical
decision and pronunciation priming experiments.

Unlike the

current experiment, they varied prime-target relationships
according to within-semantic-category rules, not across semantic
categories.

Their prime-target relationships consisted of highly

associated category co-members, subordinate-superordinate
relationships, and variations of high and low typicality word
combinations within the same semantic category.

They found no

significant effect of prime-target relationship type.

The finding of dissociation between types of semantic associations
is inconsistent with Nebes and Brady (1988), w h o argued that
there was no difference between types of semantic information as
measured by the speed with which A D patients could identify an
association to a target word.

However, these authors had

combined experimental conditions for purposes of analysis.
Specifically, they combined 'action' with 'physical feature' and
'strong associate' with 'category label'. Such collapsing of groups
m a y have inhibited potential effects in light of the dissociations
between types of semantic relationships identified in the present
experiment.

Specifically, 'action' m a y be likened to the current
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condition of functional associate, while 'physical feature' m a y be
likened to the current sensory associate condition.

The present

experiment identified dissociation of performance between these
two types of semantic relationships and provides argument against
combining data sets.

Research in other patient populations has also more recently
identified dissociations which are contraindicative of the practice
of pooling of data sets. Laws, Evans, Hodges and McCarthy (1995)
reported a case (SE) with temporal lobe impairment following
Herpes Simplex Encephalitis. Patient S E was found to show
impairment in his knowledge of associative and functional
attributes of animals, with preserved knowledge of their sensory
attributes using explicit tasks. (His knowledge of man-made
objects was intact.)

Several authors have suggested that the semantic memory
breakdown in A D constitutes breakdown in specific knowledge
about an object's features and functions, with preserved
knowledge of its membership to its superordinate category (e.g.,
Martin & Fedio, 1983).

The finding of dissociations between the

types of semantic relationships tested in the current experiment
suggests that the breakdown is more complex.

That is, knowledge

of an object's features m a y behave relatively independently from
knowledge of its functions, and this may, in turn, behave relatively
independently of within-category membership.

It is also likely to

be subject to individual variation within the A D population.
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5.3.2

Dissociation Between Functional Knowledge and Sensory

Knowledge

A dissociation between functional knowledge and sensory
knowledge in A D has not been reported in previous literature.

The

author is aware of no study that has investigated such a distinction
systematically, although such a dissociation is consistent with
studies using unimpaired subjects.

For example, Laws, Humber,

Ramsey and McCarthy (1995) noted longer sentence verification
for sensory attributes of objects than statements regarding their
functional attributes in normal subjects.

It is also consistent with

studies of other clinical groups. For example, Silveri and Gainotti
(1988) and Coltheart, Inglis and Cupples (in preparation) have
each reported a case showing impairment in visual definitions of
objects and animals, with relatively preserved knowledge of nonperceptual, or functional definitions of those objects and animals.

The suggestion that the functional associate relationship may be
intact in some patients with A D is consistent with suggestions
made by several authors using explicit tasks.

For example,

Schwartz et al. (1979) reported adequate use of objects by patients
with A D , even though they were not able to conceptually classify
or n a m e the object.

Preservation of functional knowledge in one subgroup of patients
is also somewhat consistent with observations of explicit tests in
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the current study.

Although subjects were not probed throughout

the administration of the Boston Naming Test, a review of their
spontaneously elicited comments throughout the test was
conducted in order to investigate qualitative differences between
the two subgroups in performance.

A n analysis of errors was

firstly conducted for the subgroup of patients w h o showed
impaired sensory associate priming and intact functional associate
priming.

Subject A D 5 produced spontaneous functional

descriptions on 8 out of the 33 (24%) objects that she was unable
to name.

For example she said "measure something with it" for

"protractor", and "you play them" for "harmonica".
spontaneous sensory-type descriptions.

She gave no

Subject A D 2 gave 2/9

(22%) functional descriptions in his spontaneous comments and no
sensory-type approximations.

Subject A D 4 gave 3/13 (23%)

spontaneous functional descriptions and no sensory-type
descriptions on those objects she was unable to name.

A hypothesis of differences on task performance according to type
of impairment would predict that a second subgroup of patients,
those w h o show impairment in functional semantics with intact
sensory semantics, would show qualitatively different errors on
naming tasks than those noted above.

In the current experiment

subject A D 6 showed priming on the functional associate condition
that approached significance when compared to the control group.
A n analysis of the few errors A D 6 made showed that she
spontaneously produced functional descriptions for 4/11 (36%)
objects that she was unable to name. This was, in fact, a higher
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proportion than that seen in the three patients with impaired
priming in the sensory and category co-member conditions, and
appears inconsistent with expectations.

Interestingly however,

patient S6 also made 4/11 (36%) spontaneous comments which
m a y be defined as sensory.

For example, "green" for "asparagus",

and "has a lot of spikes on it" for "cactus". N o patient classified in
the earlier subgroup produced such comments.
Ober &

(As reported by

Shenaut (1995a), category co-member substitutions, such

as " m u m m y " for "sphinx", and "guitar" for "accordion", constituted
the majority of errors for all subjects.)

Such an analysis of error-types was not systematically assessed
within the current study, although clearly, such an investigation is
warranted.

The performance of subject A D 6 m a y indicate a trend

for a particular subgroup of patients w h o m a y utilise relatively
intact sensory semantic knowledge.

An impairment in sensory semantics with relatively preserved
functional semantics is inconsistent with Chertkow et al. (1992)
w h o reported preserved perceptual semantics in their group of A D
patients, with impairment in conceptual (functional) semantics on
a series of explicit tests. Chertkow et al.'s (1992) findings m a y
reflect selection of one subgroup of A D patients, potentially
consistent with the trend observed in subject A D 6 .

However, the

use of explicit tests in the Chertkow et al. study m a y also have
created demands upon other non-automatic cognitive processes,
resulting in confounding of results.
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Considerable support for a dissociation between functional and
sensory knowledge exists in general semantic m e m o r y literature,
and is largely discussed in relation to attempts to explain the
observed dissociation between knowledge of animate objects and
inanimate objects.

While the animate versus inanimate

dissociation m a y indicate storage according to semantic categories
(Laiacona, Barbarotto & Capitani, 1993), others propose that
inanimate objects are primarily identified by functional properties,
while animate objects are defined primarily by sensory properties
(Farah et al., 1996; Farah & McClelland, 1991; Warrington &
McCarthy, 1983; Warrington & Shallice, 1984). Support for this
view has also c o m e from neuroanatomical studies.

It has been

noted that processing of animate objects involves high-level
cortical visual processing areas and sensory association areas,
while processing of inanimate objects involves motor-kinaesthetic
areas, namely left fronto-parietal cortex (Gainotti, Silveri, Daniele
&

Giustolisi, 1995). The current findings also support a

dissociation between functional and sensory knowledge.

Mauri et al. (1994) reported a case of AD who presented with a
category specific disorder affecting the processing of animate
objects, with preserved processing of inanimate objects.

They

interpreted their findings as indicating a structural description
level impairment.

The current findings of impaired sensory

knowledge with relatively intact functional knowledge in at least
one A D

subject would appear to support their interpretation.

In
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light of the current trend noted, further investigation of the
distinction between knowledge of living things and knowledge of
non-living objects, and between functional knowledge and sensory
knowledge in A D is of interest.

5.3.3 Dissociation Between Category Co-member Knowledge and
Functional Knowledge

The author is unaware of any study which has systematically
investigated the category co-member versus functional knowledge
distinction in patients with A D using a priming paradigm.

The finding of a dissociation between category co-member priming
and functional associate priming is consistent with those few
studies which have utilised differences between types of semantic
relationships using priming paradigms in other patient
populations.

Moss, Tyler, Hodges and Patterson (1995) found a

difference between category co-member priming and functional
associate priming with semantic dementia patient P P which
approached significance.

Using a word monitoring design, P P was

found to show priming in the functional associate condition while
showing no such effect in the category co-member condition.

This

effect was found to be independent of strength of association or
semantic domain (animate versus inanimate).

Moss and Tyler

(1995) also reported case F M w h o showed priming for functional
relationships but not category relationships.

They suggested that

125
F M showed a similar dissociation between functional and category
relationships as was found with semantic dementia patient PP.

The suggestion of selective impairment of the category co-member
condition in one subgroup of A D patients is interesting in light of
studies which have found preserved ability to use category
membership knowledge in explicit tasks, while being unable to use
attribute knowledge.

For example Martin and Fedio (1983) and

Martin (1987) suggested that A D patients could answer questions
regarding the category membership of objects, yet were unable to
answer questions regarding the function or the physical features
of objects.

However, Bayles et al. (1991) have suggested that the results of
explicit tasks m a y be a function of task difficulty in A D subjects.
In fact, Grober et al. (1985) found that A D patients did not differ
from elderly controls when required to check off from a given list
the attributes that were associated with target objects.

Within

such tasks, subjects were simply required to respond to provided
stimuli rather than rely on attention, working memory, and
various search and retrieval strategies.

Similarly, an automatic

semantic priming task is less taxing on other cognitive functions
and likely to be a more direct measure of the integrity of the
semantic store.

The findings of the current study are consistent with Funnell
(1995) w h o described a case of semantic dementia (EP) w h o was
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able to correctly verify properties and attributes of objects even
though he could only verbally define the object to its
superordinate level, further indicating that the selection of the
task plays a role in the level of observed performance.

Funnell

had concluded from this that the breakdown of semantic m e m o r y
did not necessarily progress from more specific information to the
more general.

An alternative interpretation of the present data, however, may
have related to the differences in strengths of association between
primes and targets across the prime-type conditions.

Various

authors have noted the influence of strength of association
between prime and target words on the prime effect size, with
greater priming effects for more strongly associated prime-target
pairs (Moss, Ostrin, Tyler & Marslen-Wilson, 1995).

Given that

within the pilot study functional associate primes were rated as
being more strongly associated to their target words than category
co-member primes, it is possible that the observed dissociation
between category and functional priming m a y simply reflect
differences in their rated strengths of association.

Two arguments against such an explanation are evident. Firstly,
such an explanation does not accommodate the pattern of
performance found in subject A D 6 , w h o showed slower responding
in the functional associate priming condition than the categorycomember priming condition.

Secondly, the control group showed

the greatest priming effect size in the category co-member
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condition.

If it was the case that strength of association was a

contributing factor in the preservation of priming in the functional
associate condition, then one would need to address the lack of
such an effect in the control group.

The distinction between category co-member and functional
semantic knowledge clearly requires further investigation.

Moss,

Ostrin, et al. (1995) found a different pattern of priming for these
two types of knowledge depending on the modality of input
(auditory or visual), and further, that category co-members only
primed if they were also related according to norms of word
association, although functional associates primed even if
unrelated according to association norms.

This suggests that the

nature of the links between concepts m a y differ.

For example,

category co-member knowledge m a y rely more heavily on
frequency of lexical association than does knowledge of the
functions of an object.

5.4 Heterogeneity in Alzheimer's Disease

Utilising a series of single case studies, the present study identified
heterogeneity in performance within a group of A D patients.
Specifically, the findings suggest that some A D patients do not
have a primary semantic m e m o r y difficulty, but rather have
impairment in accessing or retrieving information, while for other
patients, the deficit in semantic m e m o r y is specific to particular
types of semantic knowledge.
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Subject A D 1 displayed the greatest overall level of impairment of
all six A D subjects. She was significantly impaired on general
cognitive screening tests, and showed some impairment in both
lexical and grapheme to phoneme conversion routes to single-word
reading.

She showed impairment on most neuropsychological tests

of semantic memory, with difficulty naming line drawings,
choosing semantic associations in a non-verbal forced-choice task,
eliciting words in verbal fluency tasks based upon both lexical
rules and category rules, and performing the Written-word-topicture Matching task.

Despite impairment on explicit tests, prime

effect sizes in all conditions were not significantly different from
those of the control group, suggesting relatively intact automatic
semantic priming for all three types of semantic relationships.

Similarly, subject AD3 showed impairment in naming of line
drawings and verbal fluency using a letter rule task, however his
semantic priming performance was very similar to that of the
control group, with category co-member and function associate
conditions showing positive prime effects and the sensory
associate condition showing a small negative prime effect.

No

condition was significantly different from the control group.

This

suggested intact automatic semantic priming despite the
impairment evident on some explicit tasks of semantic memory.
AD3's difficulty in irregular word reading suggested some
impairment in the orthographic lexical routes of single-word
reading.

Given that his Written-word-to-picture Matching and
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semantic priming were not significantly different from controls,
the difficulty m a y tentatively be considered to reside within the
phonological output stages, and this might explain his relatively
intact ability to choose semantic associations on the non-verbal
Pyramids and Palm Trees Test.

These findings suggest that for

some A D patients, the observed difficulties on explicit tests m a y
not be directly associated with impairment in semantic memory,
but rather, m a y be associated with relatively greater impairments
in other cognitive processing functions, such as phonological
output.

In contrast to these subjects, AD patients AD2 and AD4 displayed
significant impairment in some semantic priming, with relatively
little impairment evident on explicit measures of semantic
memory.

Subject A D 2 displayed little impairment on explicit tests

of semantic memory, with the null hypothesis unable to be
rejected for naming, verbal fluency and Written-word-to-picture
Matching, although he showed difficulty determining the
associations between objects on the forced-choice task.

It was

considered that A D 2 showed slight impairment of semantic
m e m o r y and no clear impairment of alternative routes to singleword reading.

However, he showed negative priming effects for

all three types of semantic association conditions, with the size of
the prime effect being significantly different from elderly controls
in the category co-member and sensory associate conditions.
a performance indicated an impairment in some automatic
semantic priming, more evident in category co-member and

Such
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sensory associate conditions than the functional associate
condition, even though impairment in performance on some
explicit semantic m e m o r y tasks was mild.

Similarly, subject AD4 showed mild impairment on explicit tests,
however her prime effect in the category co-member condition
approached significance, and the prime effect in the sensory
associate condition was significantly different from the control
group.

A s with subject A D 2 , such a performance indicated an

impairment in some automatic semantic priming, more evident in
category co-member and sensory associate conditions than the
functional associate condition, with mild impairment in
performance on explicit semantic m e m o r y tasks.

These findings

suggest that for some A D patients the observed difficulty on
explicit tests of semantic memory, even when mild, is related to an
impairment of semantic memory.

Subject AD5 showed some impairment in both the lexical route
and the grapheme to phoneme conversion route of single-word
reading.

Given that her Written-word-to-picture Matching was

not significantly different from the age and education matched
control group, the difficulty with the lexical route to reading m a y
at least in part be considered to reside within the phonological
output stages.

Subject A D 5 showed significant impairment in

naming line drawings, verbal fluency using lexical rules, and in
choosing semantic associations in the forced-choice task, although
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her performance on the Animal-fluency test was comparable to
normal controls.

Prime effect sizes for the category co-member and the sensory
associate conditions were significantly greater than those for the
control group, indicating significant hyperpriming in these
conditions.

The functional associate condition was not significantly

different from the mean for the control group, suggesting intact
priming for functional associate knowledge.

Such a pattern of

performance suggested that A D 5 displayed impaired automatic
semantic priming in category co-member and sensory associate
conditions, combined with impairment in some explicit semantic
m e m o r y tasks, and some impairment on alternative routes to
single-word reading.

Alternatively, subject AD6 was relatively unimpaired on explicit
tests of semantic memory, however, she showed a negative
priming effect in the functional associate condition which
approached significance in comparison to the control group.

This

indicated a possible impairment in automatic semantic priming
specific to functional associate knowledge, despite relatively intact
performance on explicit tests of semantic memory.

Findings of heterogeneity amongst AD patients are consistent with
Martin et al. (1986) and others (Baddeley et al., 1991; Becker,
1994; Becker, Bajulaiye & Smith, 1992) w h o have identified
subgroups of A D patients. Martin et al. (1986) reported nine
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patients w h o displayed severe word-finding difficulties but
relatively intact spatial and constructional skills, and eight patients
w h o showed the reverse pattern.
within A D

Their suggestion of subgroups

patients was supported by hypometabolism studies in

which the different cognitive profiles corresponded to patterns of
cerebral hypometabolism (Martin, 1990; Martin et al., 1986).

The current study indicates that a possible confounding factor in
previous research has been the grouping together of a
heterogeneous sample of cases.

For example, Ober et al. (1991)

reported no significant differences between a group of 17 A D
patients and 20 elderly controls in a series of priming tasks and
concluded that evidence did not exist for semantic m e m o r y
impairment in A D .

Their Experiment 1 consisted of a category co-

m e m b e r prime condition in a pronunciation paradigm comparable
to the category co-member condition in the current experiment,
and did not theoretically differ from the current experiment in
terms of the automatic versus controlled processing continuum
(SOA, 250 m s ; relatedness proportion, .17), hence the discrepancy
in conclusions between these two experiments is initially
perplexing.

However, the results for the A D group in the Ober et

al. (1991) study are comparable to the findings in the current
experiment if the means for the six A D patients are combined for
the category co-member condition.

Ober et al. (1991) reported a

mean prime effect size of 21 m s for their A D group. The mean
prime effect size for the six patients in the current experiment was
19.84 m s .
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It would appear that research solely employing group designs has
the potential to mask vital information regarding the nature of the
impairment of semantic knowledge in A D , especially as evidence
emerges for subgroups within the early A D population in both the
current experiment and other research (Albert & Milberg, 1989;
Martin et al., 1986).

Such findings also support the arguement for

single-case design research in cognitive neuropsychology (Ellis,
Kay & Franklin, 1992; McCloskey, 1993)

5.5 Partial Impairment in Semantic Knowledge in Alzheimer's
Disease

The results of the priming experiment support the hypothesis of
partial impairment of semantic memory in some A D patients. In
particular, the use of several types of semantic relationships in the
current priming experiment provides converging evidence of
partial semantic m e m o r y impairment by ruling out purely lexical
level processes. Moss and Tyler (1995) note that a lack of priming
for specific types of semantic information, in the face of normal
priming for other types of semantic information, could not be
accounted for at a purely lexical level.

The finding of partial impairment of semantic memory is
consistent with reports based upon both explicit tasks (Binetti et
al., 1995; Hodges, Salmon & Butters, 1992), and priming studies
(Chan, Butters, Salmon & McGuire, 1993; Chertkow et al., 1989;
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Glosser & Friedman, 1991).

It is also consistent with Warrington

and Cipolotti (1996), w h o suggest that degenerative conditions
characterised by structural neuronal damage are likely to result in
storage disorders rather than access disorders.

That one subgroup

of A D patients in the current experiment showed a pattern of
dissociation between types of semantic information (impaired
category co-member priming with preserved functional associate
priming) similar to that observed in a case with specific semantic
m e m o r y impairment (case PP) (Moss, Tyler, et al., 1995), further
lends support to the hypothesis of at least partial semantic
m e m o r y impairment in some A D patients (Martin & Fedio, 1983;
Huff et al., 1986).

The finding of partial impairment using a priming paradigm in
some A D patients is inconsistent with other suggestions of
impaired access to semantic information (Nebes, 1994; Nebes

&

Brady, 1990; Ober et al., 1991). For example Nebes et al. (1984)
found equivalent priming in A D and elderly control subjects.
However, the heterogeneity noted in the current study suggests
that some A D patients m a y show intact semantic m e m o r y
functioning, and certainly this m a y provide an explanation for the
variation across results of previous research.

Further, the present

research has highlighted the possibility that impaired functioning
of phonological output processes m a y play a role in A D patients'
performance on explicit tests (see A D 3 ) , and this m a y also
contribute to mixed results across studies.
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The present study controlled for confounding variables that have
been considered to result from methodological problems in
previous research.

Firstly, the current study differed from other

research in that different types of semantic information were
systematically investigated.

Previous research with A D patients

has utilised one type of semantic relationship, or several types of
semantic relationships grouped as one (e.g., Albert & Milberg,
1989; Chertkow et al., 1989; Glosser & Friedman, 1991; Ober et al.,
1991).

The investigation of different types of semantic

relationships is consistent with what is known from other
impaired populations and studies in normals regarding the
potential structure of semantic memory (e.g., Laws, Humber, et al.,
1995; Moss & Tyler, 1995; Moss, Tyler, et al., 1995; Silveri &
Gainotti, 1988).

Secondly, the present study differed from previous research in the
degree to which it maximised the automatic nature of the semantic
priming task, and thereby minimised the influence of confounding
factors which m a y have contributed to discrepancies in results
across previous studies (Ober & Shenaut, 1995a).

B y employing a

pronunciation task with a stimulus-onset asynchrony ( S O A ) of 350
m s and low relatedness proportion (.15), the present experiment
was designed to minimise subject-initiated strategies, namely
expectancy generation and postlexical matching (Neely, 1991).
The inclusion of the neutral prime, a non-word condition, allowed
analysis of the relative influence of inhibition by unrelated word
primes on the reading times. A s the mean reaction times in the
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unrelated word condition and the non-word conditions were not
significantly different in the control group, it could be assumed
that the greatest proportion of the prime effect sizes were
attributable to automatic spreading activation within semantic
m e m o r y (Collins & Loftus, 1975).

5J> Hyperpriming and Underpriming

The results of the experiment indicated both hyperpriming and
underpriming in the group of A D subjects.

Ober and Shenaut

(1995a) note, in a review of the priming experiments in A D , that of
those studies which have shown abnormal priming, this has almost
always been in the direction of significantly increased priming for
the A D patients compared to elderly normal subjects.

O n e study

has, however, shown significantly less than normal priming in A D
(Ober &

Shenaut, 1988), while Albert and Milberg (1989) and

Glosser and Friedman (1991) have found both positive priming
and negative priming.

Hyperpriming has been forwarded by several authors as an
indicator of partial impairment in the semantic system.

Moss and

Tyler (1995) noted in a longitudinal study of patient F M that
hyperpriming was seen in early stages of degradation, while an
absence of priming was noted at the advanced stage.

Albert and

Milberg (1989) also reported that patients w h o manifest
hyperpriming were less impaired on a dementia rating scale than
patients w h o

manifest underpriming.
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A relationship between hyperpriming and disease severity was
not clearly observed in the current experiment.

The patient w h o

displayed hyperpriming in the current experiment ( A D 5 ) did not
differ from those w h o showed underpriming ( A D 2 and A D 4 ) on a
measure of severity, namely M M S E .

Further, the subject w h o

scored most poorly on the measure of disease severity did not
show significant hyperpriming (AD1), nor an absence of priming,
at least in two prime-type conditions.

However, severity was not

specifically addressed in the current experiment and further
investigation of this variable in relation to priming is warranted.
The current findings m a y reflect the relative insensitivity of the
M M S E in the mild stage of disease (Hodges & Patterson, 1995;
Kaszniak, 1986).

Another hypothesis forwarded to explain hyperpriming is related
to overall increased reaction time.

Moss and Tyler (1995) suggest

that hyperpriming results from a slowed overall performance that
stands to gain m u c h from a semantic prime. Chertkow et al.
(1994) reported that a group of hyperpriming A D subjects differed
from a group of A D subjects showing non-hyperpriming in that
they showed slower reaction times in unassociated prime
conditions.

Subject A D 5 showed performance partly consistent

with this, showing significantly slower overall reaction time in the
pronunciation task.

However, such an explanation appears

insufficient to account for hyperpriming that is found on only two
of the three types of semantic relationships tested.

Such a
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dissociation provides stronger support for an explanation of partial
degradation of semantic m e m o r y (Chertkow et al., 1989).

In fact,

in their meta-analysis, Ober and Shenaut (1995a) also concluded
that hyperpriming cannot be entirely explained by overall
increased reaction time.

Several researchers have attempted to investigate experimental
parameters in relation to hyperpriming, in particular, modifying
the relative degree of automatic versus controlled strategies
within the priming task.

Results have been mixed.

For example,

Chertkow et al. (1994) manipulated S O A in a two-choice lexical
decision task within the same group of mild A D subjects, and
reported normal priming at short S O A (250 m s ) and hyperpriming
at two longer S O A s (500 m s , and an uncontrolled S O A greater than
1000 m s ) . However, Ober and Shenaut (unpublished, cited in Ober
&

Shenaut, 1995a), using a more severely impaired group of A D

subjects and a single-choice lexical decision task also attempted to
show both normal priming and hyperpriming by modifying

SOA

and relatedness proportions to produce both minimal controlled
process conditions and maximal controlled process conditions.
They found normal priming in both conditions.

The finding of both significantly reduced and significantly
enhanced priming within the same experiment relative to controls
may

provide another perspective on hyperpriming hypotheses.

Clearly, in this case one can only hypothesise a primary influence
of the integrity of semantic information on the direction of prime
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effects if a model exists that can predict both facilitation and
inhibition by the same cognitive processing module.

Alternatively,

other cognitive variables associated with the actual task
requirements m a y play a role.

Therefore, hyperpriming in a

pronunciation task m a y be an indication, not only of degradation
of semantic memory, but also of impaired alternate routes to
single-word

reading.

Within the current study the subject showing hyperpriming (AD5)
had also shown difficulty in irregular word reading and non-word
reading.

In this case, all stimuli might proceed through the

semantic m e m o r y route rather than either the orthographic lexical
route or the grapheme to phoneme conversion route, the latter two
routes being relatively impaired.

(Such a proposal would require

that the difficulty in lexical route reading occur post-lexically, that
is, in its connection to the phonological output stage, otherwise
entry would also be precluded from the semantic m e m o r y module.
The finding of intact written-word-to-picture matching in subject
A D 5 is consistent with relatively adequate entry into semantic
memory.)

The assumption would be that unimpaired subjects m a y

rely equally upon all routes for reading in a priming experiment at
short S O A , unless semantic activation by a prime word within the
semantic m e m o r y module is likely to facilitate responding to a
target (according to similar principles as the dual-route cascade
model of Coltheart et al., 1993).

Indeed, in unimpaired subjects,

the semantic m e m o r y module might be bypassed if it is likely to
slow or inhibit processing, at least in a pronunciation task.
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However, by limiting processing so that it m a y only proceed
through the semantic m e m o r y module, a situation m a y be created
where all prime (real-word) stimuli promote semantic spreading
activation (Collins & Loftus, 1975), and all reading of target words
would proceed through the same module.

In this case, the effects

of inhibition created by an unrelated prime word m a y be present
for all words, producing longer reaction times in the unrelated
word condition than m a y normally occur.

This, in turn, would

create a greater discrepancy between related and unrelated
reaction times, resulting in hyperpriming effects (unrelated prime
R T - related prime R T ) .

In fact, Chertkow et al. (1993) reported a relatively greater
contribution of inhibition than facilitation in A D as compared to
the relative influence of those two processes in normal elderly in a
controlled priming experiment.

The present hypothesis suggests

that inhibition in A D patients m a y be influenced by impairment in
language processing routes other than semantic memory, and that
such a process is a contributing factor to the hyperpriming noted
in at least one subgroup of A D patients.

The non-word neutral prime condition in the current experiment
produced overall the longest response time for the control group,
and was not significantly different from the m e a n reaction time
for the unrelated word condition.

Although this is consistent with

m a n y previous findings (e.g., Margolin, 1988; Ober & Shenaut,
1990), it unfortunately precludes the determination of the relative
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contributions of facilitation and inhibition on the priming effects
noted.

However, the proposal of inhibition effects contributing to
hyperpriming is theoretically consistent with other experimental
findings.

For example, the role of inhibition m a y also provide

some explanation for the relationship reported in other research
between increased overall reaction time and hyperpriming
(Chertkow et al., 1994).

In a computer simulation of a

connectionist model, Bowles (1994) reported that the effect of
increased overall reaction time would be a delay in the offset of
the inhibition created by the unrelated prime words.

They noted

that the onset of processing of the prime would be minimally
affected by a slowed processing rate.

Investigation of the relative contribution of other processing
routes m a y also explain the findings of increased inhibition in
those priming experiments with long S O A s (Neely, 1991).

In this

case, processing time is lengthy enough to produce expectancy
generations, and for this reason all processing m a y occur through
the semantic m e m o r y module by a conscious process.

This m a y

explain the production of inhibition effects for unrelated primes
seen in studies in normal subjects at long S O A s .

Such a hypothesis predicts that one variable of interest for
explaining hyperpriming is inhibition by an unrelated prime word.
Inhibition, in turn, m a y be influenced by the relative degree of
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processing through semantic m e m o r y versus alternative reading
routes, namely, the lexical-non-semantic and grapheme to
phoneme conversion routes.

Impairment of alternative processing

routes m a y result in a similar process as can be seen at long S O A s
and increased overall reaction times, namely the conduction of all
processing through the semantic m e m o r y module.

Such a

hypothesis clearly requires further investigation, for example, by
examining the effect of bypassing particular processing routes in
computer simulation experiments (e.g., Coltheart & Rastle, 1994).

Such an explanation by itself, however, is insufficient to explain all
the data in the present experiment.

The patient w h o

demonstrated hyperpriming in this study also showed a lack of
hyperpriming in one type of semantic relationship, namely the
functional associate condition.

A model which relies upon the

inhibition created by an unrelated prime word cannot account
entirely for a dissociation between different related-prime
conditions which are calculated according to the same unrelatedword baseline measure.

The relative integrity of the type of

semantic knowledge being tested is still indicated, and this tends
to support the contention that hyperpriming is, at least in part, an
indicator of semantic m e m o r y impairment (Chertkow et al., 1992).

5.7 Implications for Models of Semantic Memory

The finding of impaired priming in the category co-member
condition with preservation in functional associate priming, in at

143
least one of the A D patients, is difficult to interpret within a
hierarchical organisation model of semantic m e m o r y (Collins
Quillian, 1969).

&

Such a model would predict that specific attribute

knowledge is more vulnerable to impairment than general, higher
levels of the hierarchy (Shallice, 1988b).

In such a case, one would

assume that associations between category co-members would be
preserved relative to functional associate knowledge, which was
not the case in the present study.

The suggestion of a double dissociation in the present study is also
inconsistent with a view of a single homogeneous store of
knowledge (Funnell & Sheridan, 1992).

Such a model predicts

that differences between performance in various semantic
relationships is a function of relative degrees of resilience of
aspects of the same cognitive component.

Such explanations are

valid in the case of single dissociations. For example, Funnell and
Sheridan (1992) explained the observed dissociation between
animate objects and inanimate objects by proposing that animate
objects comprise relatively more difficult subject matter than
inanimate objects, and hence would show greater impairment.
However, accounts based upon differences in task difficulty are
insufficient to explain the current findings given the presentation
of A D 6 , whose priming effect in the functional associate condition
approached significance, although was relatively preserved in the
sensory associate condition, and A D 5 , w h o showed the reverse
pattern.
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The finding of dissociations between types of semantic information
in A D

is consistent with either a distributed-feature network view

of semantic m e m o r y in which subsystems m a y play a role (Allport,
1985, Farah et al., 1996), or a model espousing separate semantic
m e m o r y modules for different types of information.

The current

thesis supports the contention that semantic m e m o r y m a y be
fractionated, at least according to a functional knowledge versus
perceptual knowledge dimension.

A

subsystem network model

views knowledge as represented in distinct subsystems, such as
the perceptual attributes of objects or the functional attributes of
objects (Farah et al., 1996).

(Such a model is often termed

"modality-specific", although the author considers this term to be
misleading.

The term "modality" in this case does not refer to a

separate semantic system for each modality of input, but rather
the specialisation of types of knowledge within the one module.)
In this case, the semantic system is seen as a distributed network
within which more specialised subregions have developed,
possibly as a result of being a system that accepts different types
of input at different entry points and accesses different systems of
output (Shallice, 1988a).

The finding of dissociations within semantic memory raise
questions regarding the structure of the semantic m e m o r y
itself.

module

Within a network model of semantic memory, it is assumed

that target items have connections to various types of semantic
information, such as category membership, information regarding
the function of the item, and information regarding the structural
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features of the item (Collins & Loftus, 1975).

In a model which

suggests that the links between nodes within the network are
determined by h o w strongly the feature is associated with the
target, the distribution of related nodes of different types of
knowledge will be interspersed in semantic space.

Within such a

model, it would be difficult to account for the selective impairment
of one type of semantic information, such as sensory knowledge, as
it is likely that other types of information would also be affected
by a lesion in the area, or a neurochemical or processing
disturbance of a more general nature.

A model which considers that different types of knowledge reside
in neuroanatomically distinct storage areas m a y explain the loss of
one type of semantic knowledge, in the presence of preservation of
another type of knowledge.

McClelland (1981) proposed that

distinct sets m a y exist for different types of information, so that
all sensory information forms one set, all functional information
forms another set, and so on.

This view could be expanded to

accommodate the alignment of these sets of knowledge with
relatively distinct neuroanatomical regions.

Several studies provide some support for a view of anatomically
distinct areas for particular types of semantic knowledge.

For

example, Damasio, Damasio, Tranel and Brandt (1990) propose that
the lexical-semantic processing of animals which show great
similarity of shape (i.e., visually ambiguous), but not those which
are distinguished easily by their outline (e.g., elephant and
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giraffe), are disproportionately impaired by bilateral lesions in
posterior temporal and occipital cortices.

In contrast, Gainotti and

Silveri (1996) report a case (post-encephalitic patient, L A ) with
lesions mainly in the anterior and inferior temporal cortex, w h o
was more affected by the familiarity of objects than by the visual
similarity between objects.

They suggested that these findings

indicate that the anterior parts of the temporo-limbic structures
m a y be linked with m e m o r y traces (hence, familiarity effects),
while posterior regions m a y be concerned with greater degrees of
visual discrimination.

Hemispheric differences have also been noted on lexical-semantic
tasks, although at this stage results regarding the nature of
hemispheric differences remain mixed.

For example, Hagoort,

B r o w n and S w a a b (1996) measured event-related potentials
(ERPs) in an auditory priming task, and reported that patients with
impairment in the right hemisphere showed impaired E R P
indicators of priming (the N 4 0 0 measure) for semantically distant
words (according to strengths of association), although they had
normal priming for highly associated words.

Hagoort et al. (1996)

suggested that the right hemisphere m a y be concerned with
processing of semantically distant knowledge, while the left
hemisphere m a y be concerned with semantically overlapping
material.

In contrast, Abernethy and Coney (1996), using prime stimuli
projected to the left and right visual fields, suggested that the left
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hemisphere is concerned with category knowledge, while the right
hemisphere processes this information only if it is also associated.
Clearly such research is in its infancy, although it appears to
indicate potential lexical-semantic processing differences between
the cortical hemispheres.

A difficulty with the hypothesis that subsystems within semantic
m e m o r y m a y align with neuroanatomically distinct regions is that
it cannot easily provide explanations for the numerous, and often
not independent, dimensions by which fractionation within
semantic knowledge has been reported, such as verbal versus nonverbal, abstract versus concrete and functional versus sensory
(Patterson & Hodges, 1994).

A n explanation of dissociations

according primarily to neuroanatomically distinct regions for types
of information would also require that considerable overlap of
types of information exist, rather than distinct, independent
components.

For this reason, it is unlikely that a hypothesis of

separate semantic m e m o r y modules mediating different types of
information would provide sufficient explanation of the data.

However, the development of neuroanatomically semi-distinct
regions is feasible if one adopts a view that patterns of activation
between concepts m a y vary according to the types of relationship
between them (e.g., "is a ...."; "has ...."; "looks like ...."). This is
consistent with Allport's (1985) notion of different patterns of
activation distributed across a range of attribute domains, such as
action, vision, audition, and so forth. It could follow that a cortical
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region specific to the processing of a particular type of stimuli, and
the integrating of such stimuli with different types of long-term
knowledge, m a y lead to local storage of relevant types of semantic
knowledge.

Clearly such a view appears simplistic, although it has been
suggested that, unfortunately, models of semantic m e m o r y in
general have not been described in sufficient detail to yield
specific predictions (Hodges, Graham & Patterson, 1995).

Future

directions in the field of semantic m e m o r y will require
comprehensive and detailed models of the structure of the
semantic m e m o r y module to allow testable predictions.

The present study did not assess the contention that sensory
information m a y lie separately from the semantic m e m o r y module
(Humphreys, Lamote & Lloyd-Jones, 1995; Sheridan & Humphreys,
1993).

A n evaluation of this hypothesis, conducted by Laws,

Humber, et al. (1995), reported contradictory results.

They tested

the prediction that given lexical input, verification of sensory
information should take longer than verification of associative
information as an extra processing step is required in the former
case (the sensory information must first pass through the semantic
system into the structural description system).

They reported

that, in normals, this was the case for object stimuli, but not for
animal stimuli, suggesting that these types of stimuli m a y place
differing demands upon sensory and functional knowledge.

The

clinical group assessed in the present study showed dissociation
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between functional associate primes and sensory associate primes.
This is not inconsistent with either a hypothesis of a separate
sensory knowledge store, or of a dissociable subsystem within
semantic

memory.

In contrast to the dissociation between functional semantic
knowledge and sensory semantic knowledge, category

co-member

primes and sensory associate primes were not distinguishable in
the present experiment.

Given that category co-member

knowledge is theoretically part of the semantic m e m o r y module,
this m a y constitute difficulty for a model proposing a separate
sensory store.

Subject A D 1 did show a different direction of prime

effects in the category co-member and sensory associate
conditions, although priming in both conditions was not
significantly different from the priming effects found in the
control group.

Although an absence of effect can shed little light

on a proposed distinction between types of semantic knowledge,
the category co-member primes and sensory associate primes
were relatively consistent across data for each A D patient, and
both conditions, in turn, behaved differently from the functional
associate primes.

Such an observation can be explained in several ways. Firstly, it
m a y be that sensory associate knowledge is closely associated with
category co-member information, both of which are dissociable
from the store of functional knowledge, and both of which are
stored in semantic memory.

Secondly, category co-member
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knowledge m a y exist separately from the sensory store as
suggested by Riddoch et al. (1988), but dissociation is either not
found in A D patients, or at least in those patients tested within the
current study.

Thirdly, the similarity between the two conditions

in the current experiment m a y be an artefact of strength of
association between primes and targets, although as previously
discussed, this appears to be unlikely.

5.8 Comments on the Priming Experiment

Overall, the prime effect sizes found for the age and education
matched control group were comparable to those seen in other
pronunciation priming studies that have minimised subjectinitiated strategies (e.g., Ober et al., 1991).

Thus, the priming

experiment was considered a valid task against which to compare
the A D patients.

The current experiment differed from previous priming
experiments with A D subjects in several ways.

B y using the same

target word in each condition, the experiment assessed the effects
of different types of semantic relationships in a priming paradigm,
while controlling for potential differences between words, such as
reading time, frequency, and age of acquisition.

In an impaired

population, it was considered important to measure the activation
of a consistent set of concepts across all conditions. Other priming
studies have used the same prime word and varied target
responses (Glosser & Friedman, 1991), however, when assessing
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the effects of different types of semantic relationships in
association with a target concept it was considered important in
the current study that effect size differences across conditions
were due to differences in the associations with the target, and not
to differences in degrees of degradation of various target concepts.
However, a disadvantage of using consistent target items across
conditions was the difficulty in matching m e a n strengths of
association between primes and targets across the three relatedprime conditions.

The use of z-scores in analyses of prime effect sizes is a procedure
that requires greater clarification.

In particular, although some

prime effect sizes using this procedure result in non-significant
differences from the control group, a negative prime effect, no
matter h o w small m a y also be considered to indicate no advantage
of related over unrelated primes, and hence m a y not accurately
indicate "normal" priming.

This m a y have little implication for

group-design research, although clearly has implications w h e n
viewing the data for the purpose of single case studies.
Alternative methods of analyses m a y be required in single case
studies which employ semantic priming paradigms.

The meaning of significantly negative priming effects in a semantic
priming paradigm also requires consideration.

Significant

advantage of the unrelated prime m a y constitute a cognitively
separate phenomenon from significant advantage of a related
prime.

T h e former m a y indicate processes similar to selective
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inhibition of the target (see Fox, 1995), while the latter are often
explained in terms of facilitation as a result of automatic spreading
activation (Collins & Loftus, 1975).

It m a y be that prime effect

sizes are not best represented conceptually by a normal curve if,
in fact, they represent relatively independent phenomena.

Exclusion of items that did not show a priming effect in the age
and education matched control group was performed in order to
allow comparison of A D subjects with normals on those items
which facilitated responding across the three experimental
conditions of interest.

This ensured that any lack of priming effect

in the A D subjects was not a product of specific items which did
not prime as expected in either subject group.

Clearly, such

manipulation of the experimental parameters was not ideal,
however, the relatively small number of items used in this
experiment enhanced the potential influence on the data of
individual item anomalies.

This m a y be overcome in the future by

more stringent matching of associations between items and the use
of a larger corpus of items.

5.9 Conclusions

Using a semantic priming task that minimised subject-initiated
strategies, the current experiment provided support for the
hypothesis of partial impairment of semantic m e m o r y in some
mild A D patients.

B y investigating several types of semantic

associations, namely, category co-members, functional associates
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and sensory associates, dissociations between different types of
semantic relationships in A D were also found.

Specifically,

preservation of functional associate knowledge, accompanied by
impairment in both sensory associate knowledge and category com e m b e r knowledge was clearly observed in at least one A D
patient, with two further patients showing a similar pattern.
These patterns of dissociation are consistent with several reports
in the literature of cases with specific semantic m e m o r y
impairments (Moss, Tyler et al., 1995; Silveri & Gainotti, 1988),
although have not been previously reported in A D patients.

These

findings suggest that for some mild A D patients, their knowledge
of the use or function of items m a y remain relatively unimpaired
for some period of time, although other semantic information, such
as category membership and sensory attribute knowledge, m a y be
impaired.

The possibility of a double dissociation between

functional and sensory knowledge in A D patients was also
entertained following the finding of another A D

subject w h o

showed functional associate priming that approached significance
in comparison to the elderly control group, and relatively
unimpaired priming in the sensory associate condition.

The results

clearly indicate that future research must take into account
fractionation between different types of semantic associations.

The present findings require replication using other AD patents
and are further limited in the degree to which they can be
considered specific to A D patients.

Comparison is required of other

neurological populations in order to determine the specificity of
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the patterns of dissociations found.

A degree of care should also

be practiced in assuming that all patients tested in the current
experiment are, in fact, suffering A D .

U p to 1 0 % of possible A D

patients have been found, on autopsy, to have other neurological
disorders (Katzman, Lesker & Bernstein, 1988), and this m a y well
be the case with the six patients tested here.

Unfortunately,

follow-up neurological assessments to determine any subsequent
modifications to diagnosis were not obtained for the patients
tested in the present study.

The dissociations found between types of semantic knowledge
highlight the need for models of semantic m e m o r y which could
provide explanations for fractionation within the semantic store.
The hypothesis of specialisation of types of semantic knowledge
according, at least in part, to neuroanatomical regions was
considered a possible component of such a model of semantic
storage.

As with previous research (Albert & Milberg, 1989; Martin, 1987),
heterogeneity across A D subjects was found.

Firstly, the study

indicated that subgroups of A D patients m a y exist according to the
extent and type of semantic knowledge impairment, and secondly,
both significant hyperpriming and significant underpriming was
found.

Findings of dissociation between types of semantic

relationships provide greater understanding of the nature of the
semantic m e m o r y deficit in A D , and also a possible explanation for
the variation in results found across previous studies.

Given the
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variablity in impairments, it appears unlikely that semantic
m e m o r y impairments, as defined in the current study, can be used
effectively for purposes of differential diagnosis in the mild stage
of disease.

The variance noted between A D subjects on semantic

m e m o r y measures would appear to preclude generalising to the
A D population at a clinical level. However, the results suggest that
A D patients m a y provide an invaluable pool of subjects for
investigating both deficits in semantic memory, as well as the
structure of the semantic m e m o r y module.

The results of the present study strongly support the notion that
the neurologically impaired should be studied as detailed single
cases (Marshall & N e w c o m b e , 1984; McCloskey, 1993; Moss &
Tyler, 1995).

This appears to apply especially for A D patients at

the early stages, where variability of deficits is particularly
prevalent (Martin, 1987).
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SUBJECT INFORMATION SHEET AND CONSENT FORM
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Consent Form

I
(insert name), have read the
information sheet provided by the researcher and do agree to
participate in the above research knowing that I m a y withdraw
m y participation at any time if I wish, that all information
collected by the researcher will remain strictly confidential, that
no names will be attached to any data collected, and that the
information collected will only be used for the purpose of
research.

Signed
Date

182

Semantic M e m o r y in Alzheimer's Disease
Research Conducted by V. Bliokas
University of Wollongong

Information

Sheet

Research is being conducted into some of the aspects of
Alzheimer's Disease in the hope of identifying the early signs of
the disease, and hence providing early support and intervention
for patients and their families.
Participation in the above research will involve participants
answering general questions, solving problems and doing some
m e m o r y tests. The total time this will involve will be between
one hour and one-and-a-half hours. Participants can withdraw
from the experiment at any time if they wish.
The data collected in the experiment will remain confidential
and anonymous. N o names will be attached to any of the
information collected. The data collected will be used only for
the purpose of research.

V. Bliokas
University of Wollongong

APPENDIX B
PRIMING EXPERIMENT STIMULI: FILLER WORDS

Table

Al

Priming Experiment Stimuli - Filler Words
anger

baby

bed

bible

black

blue

boy

bread

butter

cabbage

carpet

wine

child

city

cold

cottage

dark

deep

doctor

dream

eat

fruit

girl

green

hammer

hard

head

heavy

high

house

hungry

joy

justice

lamp

long

loud

memory

music

priest

quiet

red

salt

scissors

sheep

short

sick

sleep

slow

smooth

soft

spider

square

stem

street

stove

sweet

tobacco

trouble

whisky

white

wish

work

yellow

clear

sit

mud

day

dog

apple

pillow

cat

farm

cow

animal

bird

candy

fly

tree

song

page

candle

case

pen

mark

paper

book

end
car

doll

monkey

APPENDIX C

PRIMING EXPERIMENT STIMULI: NEUTRAL PRIMES (NON-WORD
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Table

A2

Priming Experiment Stimuli - Neutral Primes (Non-words)
dect

hawp

bochp

viraz

husp

necit

pedas

delp

fosev

sazip

asepa
werp

kidle

nemch

itar

fom

rek

todsa

jeb

awef

mecop

reft

odet

cidor

dufbi

medun

wode

chegs

luf

tuik

berf

sulop

guth

cherk

nijo

ofkal

kasl

vipol

ferg

thup

mef

fouse

APPENDIX D
POSITIVELY PRIMED AND NEGATIVELY PRIMED TARGET ITEM
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Table

A3

Positively Primed and Negatively Primed Target Items

Positively Primed

Negatively Primed

Woman

Bath

River

Chair

Moon

Cheese

Needle

Foot

Table

King

Soldier

Lion

Mountain
Window
Ocean

APPENDIX E

MEAN REACTION TIMES FOR ALZHEIMER'S DISEASE SUBJECT
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Table
Mean

A4
Reaction Times (ms) for Alzheimer's Disease Subjects (SD in parentheses)

Prime
Category

Condition

Functonal

Sensory

Unrelated

Subject

M

SD

M

SD

M

SD

M

SD

AD1

811.50

139.64

847.00

119.61

815.38

115.33

823.83

51.58

AD2 571.25 59.25 563.11 72.22 574.00 71.27 545.88 39.69
AD3 494.89 44.60 497.63 40.15 521.89 102.75 526.57 60.56
AD4 458.44 67.11 443.44 55.22 458.67 61.15 420.78 40.00
AD5 1175.75 231.14 1425.00 113.54 1267.14 143.07 1351.50 243.25
AD6 556.25 37.80 595.33 94.81 544.44 77.73 551.88 50.54

